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ABSTRACT 
 
 Impacts on water quality caused by land use change from forests and pastures to 
housing subdivisions were evaluated in catchments undergoing active development in the 
upper Piedmont physiographic province of South Carolina.  Specific attention was 
focused on the export of nitrogen, phosphorus and carbon from these catchments during 
storm events. Three catchments with varying stages of development were compared to 
categorize the effects of land disturbance. Storm events occurring within a four year 
period of 2004 through 2007 were studied for changes in water quality within catchment 
streams. Due to the potential large input of surface runoff to streams following rainfall, 
storm events allowed for the largest impact of development to local water quality.  
The water quality parameters studied included dissolved organic carbon, total 
dissolved nitrogen, nitrate, dissolved organic nitrogen (DON), total phosphorous, and 
total suspended solids. The nutrients were chosen because of their importance to 
biological systems and impact on water quality. Nutrient export is important as the 
downstream location, Lake Greenwood, has had problems with algae blooms in the past 
which are affected by the amount of available nutrients. Suspended solids were studied 
primarily for the correlation they have with runoff from catchments, as well as 
similarities in behavior to certain nutrients such as phosphorous. 
Calculations of event mean concentrations (EMC), area-normalized cumulative 
loads (CL), specific ultraviolet absorbance (SUVA), and molar ratios of organic carbon to 
organic nitrogen (C/N ratio) were used to quantify the changes. The EMC and CL values 
showed the change in the mass of nutrients loadings to the streams over time. Seasonal 
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conditions, such as rainfall and antecedent dry weather, largely impacted the calculated 
values. The latter calculations revealed how the composition of organic matter may have 
been altered. Additionally, all constituents were graphed alongside flow, as were SUVA 
and C/N ratios. These graphs allowed for further study of changes evoked by 
development. 
Results from this study revealed that the nutrient export from disturbed 
catchments was often affected more by seasonal variation than by degree of development. 
However, development tended to increase the rate at which nutrients (nitrogen and 
phosphorous) were exported from the catchments and resulted in flushes for both TDN 
and nitrate relative to the flow. However, TSS experienced the largest increase in the rate 
of export. The amount of TSS transported was also increased by development despite the 
use of best management practices. The hydrographs changed with more developed 
catchments displaying steep rising and falling limbs in addition to quicker responses to 
rainfall. Development also impacted the fraction of aromatic carbon exported during 
storm events by lowering the aromatic fraction of organic carbon in the stream during the 
largest flow peaks. Evidence of this was based on observed relationships between the 
SUVA and the storm flow during periods of development for each catchment.  
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CHAPTER ONE 
 
INTRODUCTION 
 
The upstate region of South Carolina has experienced rapid development over the 
past 20-30 years. Within Greenville County a trend has been observed in which several 
rural areas are converted to suburban housing [Campbell et al., 2007]. Development of 
these sites can be a relatively long process, spanning years. Within the areas being 
subjected to development, the water quality of streams can be severely impacted due to 
land disturbance associated with development [Buffleben et al., 2002; Rose, 2001; and 
Hur et al., 2008]. The development sites can impact water quality the most during storm 
events from input of matter exported by storm water runoff [Hinton et al., 1998]. This 
export of nutrients can be an issue for downstream locations. In this thesis the streams 
that were studied feed into the Reedy River and eventually to Lake Greenwood which is 
used as a water source for a portion of Greenwood County. The nutrients, especially 
nitrogen and phosphorous, exported from upstream sources can cause eutrophication 
problems in the lake [Tiessan, 1995]. Lake Greenwood has had problems with algae 
blooms in the past due to upstream nutrient loadings [Water Quality in Lake Greenwood, 
http://www.saludareedy.org].  
The Reedy River watershed is one of the major watersheds comprising the Saluda 
River Basin, designated by the U.S. Geological Survey as an 8 digit hydrologic unit code 
(HUC 03050109). The Reedy River watershed drains more than 676 km2 (167,000 acres) 
of land and contains 523 km (325 mi) of streams. The overall land use/cover in the Reedy 
River watershed is 66% forest, 16% agriculture (cropland and pasture), and 18% urban 
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(Beasley et al., 2001). In the northern portion of the watershed containing the three 
catchments less than 60% of the land use/cover is classified as forested and over 28% is 
urban (Beasley et al., 2001). The northern portion of the Reedy River watershed contains 
the rapidly growing city of Greenville, portions of Mauldin and Simpsonville, and other 
rapidly developing incorporated and unincorporated communities surrounding 
Greenville. The area is experiencing rapid conversion of forested and agricultural land to 
suburban housing developments. Although the official population of the city of 
Greenville is only about 60,000, the total population of Greenville County is more than 
400,000 (Beasley et al., 2001).  
 The Reedy River watershed is characterized by gently rolling to hilly slopes with 
narrow stream valleys. The slope of the terrain in the watershed ranges from 2 to 45%, 
with an average slope being 15% (Beasley et al., 2001). Elevation is approximately 180 
to 200 m (600 to 650 ft). The predominant soil types consist of an association of the 
Cecil, Madison, Davidson, Pacolet, and Wilkes series. The erodibility of the soil (K 
factor) averages 0.034 t·ha·hr/ha·MJ·mm (0.26 ton·ac·hr/hundreads·ac·ft·tonf·in). The 
upper Piedmont region of South Carolina has a warm temperate climate with an average 
annual daily temperature of 16°C (60°F). Seasonal temperatures for spring, summer, fall, 
and winter average 16, 25, 16, and 6°C (60, 77, 61, and 43°F), respectively. The average 
maximum daily temperature in Greenville, South Carolina is 22°C (72°F) with an 
average of more than 50 day/yr in which the maximum daily temperature exceeds 32°C 
(90°F) (Andersen et al., 2004). 
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 Historically, annual rainfall in Greenville, South Carolina averages 1270 mm (50 
in), which is similar to the state’s average annual rainfall of nearly 1200 mm (47 in) 
(Barfield et al., 2005). The rainfall is nearly evenly distributed throughout the entire year, 
with 28, 25, 21 and 26% of the total annual rainfall occurring during the spring, summer, 
fall, and winter seasons, respectively. During the study the years 2004 and 2006 resulted 
in lower than average rainfalls of 48 and 42 inches respectively. The year 2005 was 
above average at 53 inches of rainfall recorded. The 2007 precipitation data has not fully 
been compiled but it was expected to also be below average. A large percentage of the 
storm events in the area result in a rainfall depth of less than 2.5 mm (0.1 in). For 
example, the Woodruff location (WODS1, 165F868C, 34°41’00”, -82°02’24”) is less 
than 32 km (20 mi) from the three study catchments and is the nearest long-term rain 
gage. Over its 31-yr history there have been a total of 2306 measurable storm events at 
the site (Barfield et al., 2005). The total measured precipitation at Woodruff over this 
time period has been 36,788.6 mm (1448.37 in) (Barfield et al., 2005), which corresponds 
to an average annual rainfall of 1186.7 mm (46.72 in) at the site. The historic rainfall 
record at the Woodruff site shows that for measurable storm events the probability is 60% 
that less than 12.7 mm (0.5 in) of rain will fall. Similarly, 82%, 96%, and 99% of the 
measurable storm events result in rainfall depths of less than 25.4, 50.8, and 76.2 mm (1, 
2, and 3 in), respectively (Barfield et al., 2005). In the last decade the Reedy River 
watershed, including both Greenwood and Greenville County, has experienced long 
drought periods (US Drought Monitor, http://drought.unl.edu/monitor/monitor.htm). It is 
imperative in these situations to know how development impacts water stream quality.  
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Catchment comparison is a useful method of studying the behavior of storm water 
runoff [Brown et al., 2005; Lee et al., 2000; Hinton et al., 1998; Tufford et al., 2003]. 
This method takes temporally-dependent climate conditions into consideration, such as 
temperature, antecedent dry weather period, and seasonal effects. Therefore, by studying 
the differences in the responses of the catchments it is possible to learn how certain 
characteristics, such as development, affect catchments. In this study, the effects of 
development on storm water runoff were characterized through the comparison of three 
similar catchments undergoing varying stages and degrees of development. The 
catchments consisted of the Lost Creek site (LC), Knight Creek site (KC), and Baldwin 
Creek 5 site (BC5). The location of the catchments was within the Reedy River 
watershed of South Carolina (see Figure 1). All three catchments exhibited similar 
rainfall, soil, and geographic characteristics. The main focus in this study was to 
determine how nutrient export to receiving streams, specifically that of nitrate, total 
dissolved nitrogen, total phosphorus, dissolved organic carbon, and dissolved organic 
nitrogen was affected by active development of a catchment.  
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 Figure 1: Location of Study Catchments within the Reedy River Watershed [Sciera, 2008] 
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Storm event samples were collected from 2004 to 2007 for all three catchments. 
The first catchment (LC) began development prior to sampling in the fall of 2003 and 
served as an example of an actively developing/developed catchment. Because sampling 
began after the initial development, no baseline data exists for the LC catchment. The 
other two catchments experienced land disturbance later, allowing for observation of their 
responses during the time period in which they were undeveloped (undisturbed). The 
second catchment (KC) started development during October 2004. Both the LC and KC 
catchments experienced ongoing development throughout the study. The last catchment 
(BC5) served as a reference (undisturbed catchment) for the majority of the study until 
active development commenced in March of 2007. 
Over the entire four year study period there were only five dates in which data 
from storm events were available for all three catchments. However, there were several 
additional storm events for which data exists for two of the three catchments. 
Additionally, some of the storm event dates were in close proximity to one another that 
they may be used for comparison. During storm events, rainfall, flow, and concentrations 
of total suspended solids (TSS), total phosphorous (P), total dissolved nitrogen (TDN), 
nitrate (NO3-), and dissolved organic carbon (DOC) within the stream were measured. 
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CHAPTER TWO 
LITERATURE REVIEW 
Paired catchment studies 
Paired catchments studies have been widely used to determine the degree to 
which changes in land use/cover affect water quality [Brown et al., 2005; Lee et al., 
2000; Hinton et al., 1998; Tufford et al., 2003]. In a review by Brown et al., [2005] these 
studies were grouped into four broad categories: afforestation experiments, deforestation 
experiments, regrowth experiments, and forest conversion experiments. The focus of the 
report by Brown was on categorizing possible changes in water yield and how the 
changes would then correlate to the categories of experiments. The review quoted several 
studies in which water yield changes were studied through the comparison of two or more 
catchments. 
In some of the following paragraphs a few observations of paired-catchment 
studies are presented based on relevance to the study presented in this thesis. It is an 
uncontested fact that urbanization does impact nearby water systems in a multitude of 
ways, and has garnered enough interest such that the focus of a number of studies has 
been set on quantifying the various impacts to watersheds. Due to the complexity in 
completely analyzing the entirety of ways land change can affect waterways, studies 
chose to focus on a small number of aspects to research. Most of the studies focused on 
the stream flow characteristics; a number also studied nutrient export during storm 
events. However, few studies have attempted to characterize water quality impacts during 
active land development/conversion, which is the topic of this thesis.   
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Effects of land use on hydrographs 
Some research focuses on how land use affects stream flow during storm events; 
this is a fairly simple characterization which involves measurement of the flow within 
nearby streams. In a study by Rose and Peters [2001] the response of storm flow to 
urbanization was observed for two watersheds. The areas studied were within the Atlanta 
area of Georgia; they compared stream flow characteristics of a highly urbanized 
watershed to a less-urbanized and rural watershed. Their results showed an increase in 
flow rates with increasing urbanization along with shorter recession periods. This was 
attributed to the increased impermeable surfaces which allowed for more efficient 
movement of water. 
Burns et al. [2005] studied the precipitation, stream discharge, and groundwater 
levels at intervals of 10 to 30 minutes over a one year period for a watershed in 
southeastern New York. Similar to the study discussed in this thesis, three small 
catchments were compared to one another (areas ranging from 0.38-0.56 km2). The land 
use differed among all three catchments with one catchment being undeveloped, another 
being moderately developed, and one being highly developed. The results showed the 
moderately developed catchment containing suburban housing affected stream runoff the 
most at high and low flow conditions. The moderately developed catchment was reported 
to be not significantly different from that of the undeveloped catchment. However, this 
small difference was attributed to the fact that the moderately developed catchment was 
adjacent to a headwater wetland in which storm water flowed prior to entering the 
observed downstream location. The researchers claimed that this partially skewed the 
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results, attributing an unaccounted water input of 14% of the total volume to the wetland 
area for the moderately developed catchment. This research suggests that development 
will noticeably affect the behavior of the hydrograph of a catchment under conditions of 
moderate rainfall and high soil saturation. 
 
Effects of land use on nutrients 
In studies that have documented the effects of changes of land-use/land-cover to 
nutrient concentrations within water streams, the focus appears to be on limiting nutrients 
such as nitrogen and phosphorus. In a study by Lee et al. [2000], nine watersheds with 
varying characteristics were studied for flushes of nutrients including total nitrogen, 
nitrate, and phosphorous during storm events over a time period of two years. The 
watersheds differed in use either as a residential or industrial watershed. The drainage 
areas of the watersheds varied greatly in size from 1.5 ha to 557.9 ha. The results showed 
that the smaller watersheds (<100 ha), in which the impervious area occupied more than 
80%, showed nutrient concentration peaks prior to flow peaks.  
In another study, Tsegaye et al. [2006] attempted to quantify the seasonal and 
temporal changes of the nutrients, nitrogen and phosphorous, within the Wheller Lake 
Basin of northern Alabama and southern Tennessee over a time period of eight years. 
Over the time of the study, the area experienced increased development. Additionally the 
study investigated the water quality downstream of areas with various land uses. The 
researchers concluded that nitrogen and phosphorous were more affected by climatic 
parameters than land use changes.  
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Another study monitored the seasonal variations of nitrogen and phosphorous in 
waterways within stable catchments, both a forested and urban area [Tufford et al., 2003]. 
The area studied was located along a coastal area of South Carolina, relatively close to 
the watershed investigated within this report. Although different in many aspects such as 
slopes, soil types, and land resource areas, the area experiences the same general seasonal 
patterns as the catchments described in this thesis. The results of Tufford et al. indicated 
that both total nitrogen and dissolved organic nitrogen had significantly higher transport 
during the summer months. The total nitrogen additionally had slightly higher export in 
the fall months as well. Nitrate had similar export for all the seasons with slightly higher 
amounts being recorded in winter. Phosphorous export appeared to be higher in the 
summer and lower in the winter. The study reported that total nitrogen and dissolved 
organic nitrogen were present in higher concentrations in the forested areas over the 
urban areas. The opposite was true for nitrate and phosphorous. Based on previous 
research, it was probable that nitrogen and phosphorous would show little correlation to 
development as compared to seasonal variations. 
Many studies do not focus on carbon export since it is not believed to be a 
limiting nutrient in most natural systems; although it is important in ecological studies. 
However, it can be a limiting nutrient in certain cases when there is little organic matter 
present in the surrounding environment [Dalva and Moore, 1991]. Additionally, 
dissolved organic carbon has been shown to influence water acidity, along with the 
mobility and toxicity of metals [Dalva and Moore, 1991]. Dissolved organic carbon can 
also impact the effectiveness of downstream water treatment operations. This is important 
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as dissolved organic matter often contains the precursors for disinfection by-products. 
There has been research conducted on the sources of organic carbon and the method by 
which it was exported. A paper by Hinton et al. [1998] stated that in observing small 
catchments within central Ontario, it was the riparian areas that contributed a majority (at 
least 50%) of dissolved organic carbon seen in streams during storm events. It was also 
stated that the export of DOC from riparian areas was controlled by flow paths, rather 
than DOC production which was the case for wetlands. Export of DOC can also be 
controlled by weather conditions combined with biological processes. One study 
investigating various affects on DOC production concluded that temperature increases 
and time periods following droughts would result in increased DOC concentrations due to 
the effects of a multitude of biological processes [Worrall et al., 2004]. Based on these 
findings it was expected that a significant amount of DOC exported during storm events 
could be attributed to sources from the catchment areas, such that development might 
have an observed impact on the organic carbon exported within a stream. 
While evidence has been presented to demonstrate that practices involved with 
development, such as the removal of trees from a catchment area, can alter DOC loading 
to nearby waterways, other research has shown slightly different results. Some research 
suggests that clear-cutting will not dramatically alter in-stream DOC concentrations 
during storms but that the overall amount exported will be reduced as a result of 
disturbance to the catchments [Meyer et al., 1983]. In the Meyer study, the DOC export 
was examined from a watershed that was clear cut 2 years prior to the study. The Meyer 
study also stated that there was no definite trend of DOC concentration being higher on 
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either the rising or falling limb of the hydrograph during storm events. The study 
attributed the increased DOC concentrations during storm events as being a result of the 
following: (1) input from the terrestrial system via subsurface water (tested at 30 cm, at 
the bottom of the B horizon), (2) throughfall on the stream channel, (3) leaching from 
particulate organic matter, and (4) from the streambed and intermittent channels. The 
paper further states that throughfall was not a large contributor to the increased DOC 
concentration in the storms presented in study; a maximum of 4% according to their 
calculations. 
It would also appear that DOC is affected by seasonal changes, as was seen with 
nitrogen and phosphorous. A seasonal effect was reported in a study of the effects of 
precipitation and air temperature on organic carbon discharges in the Atlantic Coastal 
Plain in Maryland [Correll et al., 2000]. The study looked at first-order, second-order, 
and third-order streams in eight small watersheds of varying land use, with streams. The 
highest TOC concentrations (a fraction of which were dissolved) were observed in the 
summer and the lowest, during the winter month. Correll et al. also stated that the first 
order streams resulted in the most variable fluxes with precipitation. It should be noted 
that the paper did also suggest that land use could also affect the seasonal discharge of 
organic carbon.  
 
Characterization of dissolved organic matter 
An important aspect of this study was being able to comprehend how the content 
of DOM that was exported changed both with respect to development and storm events. 
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Studies have been done in which the changes in the nature of organic compounds during 
storm events were investigated. In a study by Li et al. (2003), the composition of natural 
organic matter in the Nagara River during storm events were examined. Among the 
techniques used to characterize the compounds, they utilized specific UV absorbance. 
The results of the study suggested that storm water samples contained higher amounts 
NOM of larger molecular weights, but that the origin of the compounds was unclear, as 
they were also present in base flow samples. SUVA values are used as a measurement of 
aromatic carbon content; this is important as humic substances contribute to the aromatic 
fraction of DOC and can affect the efficiency of treatment processes [Weishaar et al., 
2003]. The lower SUVA values indicate a lower aromatic fraction of organic carbon and 
may suggest that the majority of carbon present is hydrophilic. However, it should be 
noted that some organic carbon can be highly hydrophobic without contributing to the 
SUVA, such as the case in aliphatic carbon components. A separate study [Hood et al., 
2006] showed elevated SUVA254 values during storms, which was interpreted as aromatic 
DOC being mobilized by storm flow through catchment soils. This was also observed in 
an earlier study by Volk [2002], who noted that UV254 values followed the fluctuations 
exhibited by DOC concentrations during storm events but the UV254 values increased to a 
greater magnitude. However, Weishaar et al. [2003] warned that high nitrate and iron 
(Fe3+) concentrations can increase UV absorbance at 254 nm. However, it states that in 
order to have a reading of 0.01 at 254 nm it would require a concentration of > 100 mg/L 
nitrate or >1 mg/L iron, both higher than were seen in the catchments studied in this 
thesis. 
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A method of characterizing the relative export of organic matter is to calculate the 
molar ratio of organic carbon to organic nitrogen. One example of this method being used 
was in a study that had several similarities, with respect to nutrients measured, to this 
thesis. A study by Buffam et al. [2001] on the export of DOC, nitrate, and dissolved 
organic nitrogen (DON) during storm events showed that storm events contributed to a 
large percentage of the overall flux of these nutrients. The study area was a 12.4 km2 
forested catchment in the Shenandoah National Park, Virginia. This watershed differed 
from the catchments used in this thesis in terms of tree species present; data was not 
present for soil and slope of catchment to compare for similarities to catchments in this 
study. The slopes and soils would likely be very different due to its location in the 
Appalachian Mountains. Inspection of the Shenandoah National Park website 
(http://www.nps.gov/) reveals that the streams in the park are susceptible to erosion from 
sediments from landslides, sometimes as a result of tropical storms. The focus of the 
study was how elevated concentrations of nutrients affected bacterial growth during 
storm flow; the evidence they collected showed significant impact of storm flow on 
nutrient export. For the 1997 year they reported that over 50% of the DOC, DON, and 
nitrate flux was due to storm flow (storm flow contributed to 36% of the annual flow). 
Part of the focus of the paper by Buffam [2001] was on the chemical character of the 
dissolved organic matter which they examined through N/C ratios similar to what was 
examined in this thesis. The paper also contains a collection of average C/N ratios, mean 
DON, percent DON of total dissolved nitrogen (TDN), and annual DON flux from 
several studies, some of which gathered data of base flow and storm flow. The mean C/N 
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molar ratios varied from 17 to 51, and the reported percentages of DON to TDN ranged 
from 7% to 90%. The report also stated that the DOM concentrations did not show a 
seasonal pattern. It appears though that that this lack of observed seasonal effect is not the 
norm based on the findings of several other reports [Tsegaye et al., 2006 and Tufford et 
al., 2003].  
 
Export of nutrients 
Another important aspect of this study was to understand the timing of the export 
for the water quality parameters from the catchments. A common method of 
understanding the export of a constituent relative to flow is by testing for first flush 
behavior. First flush is defined as the discharge of a larger mass or higher concentration 
in the earlier part of a storm relative to the later part of the storm [Kayhanian and 
Stenstrom, 2008]. For this thesis the focus was to determine the timing at which nutrients 
are exported from the catchment relative to flow and total time. One of the earliest reports 
of using of regression relationships to quantify the first flush characteristics was by Gupta 
and Saul [1995] in which they studied suspended solids entering combined sewer flows. 
They predicted that the most important parameters influencing the first flush load were 
the maximum rainfall intensity, maximum inflow, rainfall duration, and antecedent dry 
weather conditions. However, through the study of these parameters they determined the 
influence of the antecedent dry weather condition, while correlating well with the first 
flush load, was less important than the other parameters. Another factor of the observance 
of first flush behavior is the size of the catchment that is being studied; larger watersheds 
15 
 
are less likely to show evidence for first flush than smaller watersheds [Kayhanian and 
Stenstrom, 2008]. In large watersheds storm water must be exported long distances to 
reach the discharge sampling location. This increases the time in which runoff will affect 
the water quality. Due to this first flushes are less likely to occur in large watersheds. 
First flushes are generally looked for in urbanized catchments; however use of the 
methods used in determining first flush can be applied to less urbanized catchments to 
observe the timing for the export of nutrients. 
There are two common methods by which the timing in export is determined for 
constituents within this report. The first method was to graph the constituent 
concentrations and flow rates on the same graph versus time. These are sometimes called 
chemographs or pollutographs in literature [Kayhanian and Stenstrom, 2008].  Higher 
concentrations observed in the earlier portion of a storm event compared to the later 
portion of a storm event are indicative of concentration flushes. The second method is by 
graphing mass load versus volumetric loads for each constituent. The method is flow 
dependent, with fast export times being observed when both concentration and initial 
runoff is high relative to emission rate in the later runoff [Kayhanian and Stenstrom, 
2008]. First flushes can be generally less apparent using this method due to the nature of 
runoff. This occurs because the flow rate at the beginning of a storm is generally lower 
than the middle of a storm, thus the mass emission rate in the middle of the storm may be 
greater than at the beginning of the storm event, in spite of lower concentrations recorded 
for middle of the storm event [Kayhanian and Stenstrom, 2008]. Using the same 
calculations for mass and volumetric loads, additional graphs were generated displaying 
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the curves of flow and constituent masses as percentages of their total amount versus 
fractions of the total time for a storm event. Flushes were more apparent using this 
method.  
In a study by Deletic [1998] it was reported that more distinctive first flush 
characteristics were seen during larger storm events, due to the available deposition on 
the surface being small. This has been supported by other studies; Shinya et al. [2003] 
reported that suspended solids, iron, and phosphorous were inclined to be exported during 
heavier rainfall conditions. However, first flush had been documented in smaller rainfalls 
[Lee et al., 2002]. Almost all these studies made use of event mean concentrations (EMC) 
to determine the relationships of specified parameters to the rapid export of nutrients. The 
use of EMC to represent the entire concentration seen within an event is widely practiced. 
The same can be stated for cumulative loads. Previous research studies have used these 
parameters to quantify the total concentrations of metals [Buffleben et al., 2002] and as a 
prelude to determining first flush characteristics. They have also been used in other 
studies for constituents similar to this study such as nitrogen and phosphorous [Lee et al., 
2000]. 
Most of the attention in previous studies on the development of catchments has 
focused on the impacts of suspended solids and macronutrients such as phosphorous and 
nitrate. There are many studies that have reported the export of nutrients (including those 
used in this report) during storm events in established suburbanized or undeveloped 
watersheds. Some reports include annual data from catchments that underwent 
development during the study, but did not focus or have extensive data on the developing 
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time period. This report differs from other studies in that it examined the export of 
nutrients during storm events in catchment which had been monitored through their 
transition of rural areas into suburban areas. By studying dissolved organic carbon and 
UV absorbance data, in addition to trace nutrients, the goal was to obtain information that 
categorized changes that occurred to nutrient export to the effects of a catchment 
undergoing development.  
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CHAPTER THREE 
OBJECTIVE & APPROACH 
The main objective of this study was to characterize and quantify the impact of 
land development on the export of suspended solids, organic carbon, and nutrients (i.e. 
nitrogen, and phosphorous) from three selected catchments. Specific objectives of the 
study were: 
1. Quantifying the changes in the hydrologic responses to rainfall events as a 
function of time and land development, 
2. Quantifying the changes in the export of constituents (i.e., suspended solids, 
organic carbon, and nutrients (i.e. nitrogen, and phosphorous)) relative to 
volumetric discharge using cumulative loading curves. 
3. Documenting the changes in EMCs and CLs for constituents, and in SUVA254, 
and C/N ratio during the course of development.  
 
It has been demonstrated previously that land development will cause various 
disruptions to the existing natural environment. It was important to document changes in 
the export of nutrients because of the role nutrients play on biological ecosystems and 
downstream water quality. Ideally to quantify changes, sufficient data should be collected 
for the time periods prior to and after development, in addition to the time in which active 
development was occurring. In this study, the following tasks were performed to have a 
comprehensive understanding of the effects of development: 
1. Monitoring flow from catchments during storm events in response to 
development (i.e., storm hydrographs). 
2. Examining the effects of development on TSS export. 
3. Examining the effects of development on P export. 
4. Examining the effects of development on nitrogen sources by monitoring the 
TDN, NO3-, and DON. 
5. Examining the effects of development on the amount and composition of 
organic matter by evaluating DOC, SUVA254, and carbon to nitrogen ratios. 
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The three study catchments investigated from 2004-2007 included Lost Creek 
(LC), Knight Creek (KC), and Baldwin Creek 5 (BC5). For the entire study, LC was 
undergoing continued development, while BC5 was used for comparison as the 
undeveloped (undisturbed) catchment through the summer of 2007. The KC catchment 
began undergoing active development during October of 2004 which continued through 
the end of 2007. KC was used for comparison against the other two catchments as 
exhibiting behavior unique to a catchment just beginning to undergo active development. 
In March of 2007, BC5 began undergoing active development and the project ceased to 
have an undisturbed catchment for comparison. 
The approach chosen for monitoring these catchments was to use automated water 
samplers to collect water samples during storm events. These samplers were located 
downstream of each catchment. Samples were collected from the middle of the streams 
into 1 liter bottles. The samplers were triggered by rainfall and collected water samples at 
varying time periods during each storm event. They were set up to collect samples at 
short time periods for the initial portion of the storm (15 to 30 minute intervals) to try and 
maximize the data available for the majority of the storm flow. Additionally, flow and 
rainfall data was collected at the monitoring stations. The samples were then transported 
to Clemson University for further processing. 
Water samples taken during storm events were tested for DOC, TDN, NO3-, P, 
and TSS.  Using UV254 data and the DOC concentrations, specific UV absorption 
(SUVA254) values were calculated to determine the aromatic nature of the organic carbon 
within the streams. Dissolved organic nitrogen (DON) was calculated by subtracting 
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nitrate-nitrogen from the total dissolved nitrogen. Other compounds that contribute to 
inorganic nitrogen, like nitrite and ammonia, were not considered due to the low 
concentrations measured compared to nitrate. Molar ratios of DOC to DON (C/N ratios) 
were calculated to better understand the nature of the compounds located within the 
streams. All water quality data were graphed alongside the respective hydrographs for 
each event to determine any patterns in the responses. In addition, event mean 
concentrations and area-normalized cumulative mass loads were calculated for each 
catchment to help quantify the effect of development on the catchments. Normalized 
cumulative loads, flow, and rainfall were compared versus normalized time for each 
event to elucidate the timing associated with the export of each constituent of interest 
from the catchments. 
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CHAPTER FOUR 
MATERIALS AND METHODS 
The Study Area 
The catchments consisted of Lost Creek (LC), Knight Creek (KC), and Baldwin 
Creek 5 (BC5). General characteristics of the sites are shown in Table 1 which was 
compiled for an earlier study [Hur et al., 2008]. The three catchments are located within 8 
km (5 mi) of one another in the Reedy River watershed in the northwestern, upper 
Piedmont physiographic region of South Carolina. Locations of the catchments within the 
Reedy River watershed were enlarged and shown in Figure 1. The LC and KC 
catchments are adjacent to one another and historically had similar land uses. Prior to 
undergoing development, LC and KC were predominantly planted pine forests with 
terraced slopes remnant of cotton farming. BC5 was located less than 8 km (5 mi) away 
from the LC and KC catchments. While BC5 historically had the same land use as LC 
and KC, recently pasture land dominates the area with hardwoods occupying the 
bottomlands.  
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Table 1: General Characteristics of the Study Catchmentsa 
Catchment 
Areab, 
km2 
(ac) 
Soil Type
(MUID) Kc 
Dominant 
Soil Texture % Sand 
% 
Clay 
% 
Silt 
Hydrologic
Soil Group % Slopeb 
Knight 
Creek 
(KC) 
0.31 
(78) PcE 0.03 Sandy loam 66 12 21 B 38 
Lost Creek 
(LC) 
0.51 
(126) PcE 0.032 Sandy loam 67 11 11 B 29 
Baldwin 
Creek 5 
(BC5) 
1.44 
(356) CeB 0.034 Sandy loam 67 12 12 B 23 
a All soil attributes information obtained from the Soil Survey Geographic (SSURGO) database download at 
     http://soildatamart.nrcs.usda.gov 
bCatchment area and percent slope extracted from a 7/5 minute (30 m x 30 m) United States Geological  Survey 
digital elevation  
     model (DEM) obtained from the South Carolina Department of Natural Resources 
(www.dnr.sc.gov/GIS/gisdownload.html) and  
     from DEMs created from topographic computer-aided design (CAD) files 
cK, soil erodibility factor. Metric units for values shown in table are t·ha·hr/ha·MJ·mm. To obtain common  
      U.S. units (ton·ac·hr/hundreds·ac·ft·tonf·in), divide values shown above by 0.1317 
 
Development in LC began in the fall of 2003 at the top of the catchment, with 
plans for the development to proceed downstream. Before development in LC started, the 
catchment had a distinct riparian area characterized by deciduous trees and shrubs. Its 
stream channel was not incised in the lower reaches and thus maintained contact with the 
riparian area. By January 2004, the upper 15 to 20% of the catchment had been cleared of 
vegetation and the land graded to accommodate the construction of high-end single 
family homes (zoned R-15). By May 2004 the clearing, grading, and installation of sewer 
lines had converted ~40% of LC and by May 2005 conversion had reached ~60%. The 
upper portion of LC was converted to a culvert system and covered to accommodate 
gently sloping grassed yards. As a result, the stream channel immediately below the 
development began to incise and clog with sediment in 2004. By August 2006 ~40% of 
the catchment was completely developed. Later records show that the percentage of 
complete development was ~45% and ~50% in April 2007 and December 2007. 
The adjacent catchment, KC, remained undisturbed and thus it’s distinct riparian 
zone of deciduous trees and shrubs remained intact and its stream maintained contact 
with the riparian zone through the early part of this study. In October 2004, tree thinning 
commenced in KC in preparation for development. By the end of December 2004, the 
thinning had affected ~30% of the catchment. Soon afterward, the stream draining KC 
began to show signs of enhanced leaching of iron from the soils as evidenced by the 
appearance of iron-oxidizing bacteria for the first time. However, enhanced soil erosion 
in KC was still not evident by the end of 2004. In April 2005 grading for roads 
commenced in KC, and by May 2005 the grading had affected ~10% of the catchment. In 
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August 2005, sewer line installation was initiated in one phase of the planned KC 
development. At May 2006 ~4.5% of the watershed was completely developed. In 
January 2007 the percentage of the watershed that was completely development was 
~8.1%; by December 2007 it was ~9.6%. Figure 2 shows a timeline of the LC and KC 
catchments. 
 
Lost Creek
(LC)
Knight Creek
(KC)
  
  
FIGURE 2: Timeline of Development for the LC and KC Catchments 
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For the majority of this study, land use/cover in the BC5 catchment remained 
stable with predominantly fallow fields, hardwoods dominating the bottomlands, and less 
than 5% rural land cover (e.g., acreages with horses) in the upper part of the catchment. 
Active development began in BC5 on March 2007 with tree-thinning. In June of 2007, 
the BC5 catchment was prepared for sewer line installation; it was later cleared in July of 
2007. By November 2007 all grading was complete at the BC5 catchment. Baldwin 
Creek exhibited some channel incision due to past agricultural land use, but over the 
course of this study stability in the catchment resulted in its stream channel showing signs 
of recovery with no evidence of any recent bank failures. Since it was undisturbed for 
most of the study, BC5 was used as a reference catchment for the LC and KC sites. 
During the development of all three catchments, best management practices (BMPs) were 
implemented and maintained during the study; the BMPs included silt fences and 
sediment control basins. 
 
Storm event sampling 
 Hydrologic and water quality monitoring were conducted for storm events for the 
years 2004, 2005, 2006, and 2007. Stream samples were taken at stations located at the 
outlet of each study catchment. Each station had of a 1.2 m x 1.5 m (4 ft x 5 ft) shed 
equipped with an automated water sampler (Teledyne ISCO model 6712), cellular 
communication equipment, and a 12-volt power pack. The power pack was connected to 
a 40-watt OEM solar panel with a Morningstar SunSaver 10 solar controller. A tipping 
bucket rain gage (ISCO 674, 0.25 mm (0.01 in) increment) was installed at each station to 
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measure rainfall intensity and total rainfall versus time. The rain gages for the KC and LC 
sites were within 250 m (820 ft) of one another. Therefore, due to their close proximity, 
the total rainfall data collected at these two sites were averaged and the mean rainfall was 
used to describe all storm events for both sites. Similarly, the rainfall data for the BC5 
site was averaged with rainfall data from another nearby sample station, BC1. The gages 
for the BC1 and BC5 locations were within 150 m (490 ft) of each other. The rainfall data 
were averaged to obtain a single representative value of total rainfall experienced by the 
entire area (Appendix A, Tables A.1 and A.2). 
Stream discharge was calculated for each catchment using an ISCO 750 area-
velocity module that measured water level and velocity together with a stream cross-
section determined at each location. Typical offsets for the area-velocity modules ranged 
from 3 to 6 cm (0.1 to 0.2 ft). During storm events, flow and rainfall data were recorded 
every 5 to 15 minutes by their respective gages. This data was stored using FLOWLINK 
and was later converted to EXCEL files for analysis. 
Stream samples at each catchment were collected for water quality measurements 
using automated pumping samplers (ISCO 6712). Inlet probes for the automated samplers 
were located in the streams draining each catchment at positions and depths comparable 
to the area-velocity modules. The time period for the collection of a single sample was 
about 1 minute. The ISCO 6712 automated sampler can use rainfall, stream level and/or 
change in flow to initiate a sampling program, and through previous work it was 
determined that rainfall was the most reliable method to commence sampling for the sites 
in studies of these sites. The sample program consisted of two components, the initial 
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component that was responsible for collecting water samples during the rising limb of the 
hydrograph and the second component that was designed to collect samples throughout 
the falling limb of the hydrograph. Both components were time based, with the time 
interval for the initial component being relatively short compared to the second 
component. Time intervals between samples were generally 15, 30, and/or 60 minutes for 
the initial portion of the storm event; for the second part time intervals were generally 
120 and/or 240 minutes. For the first two years communication equipment (cell phone) 
contacted Clemson University personnel when the sample program was initiated by 
rainfall and the collected water samples were retrieved at the end of the storm event. 
Afterwards the equipment was regularly checked following storm events. When 
necessary (e.g., for large and/or extended storm events), additional sample collection was 
programmed in manually so that the full receding hydrograph limb could be obtained. All 
retrieved samples were placed on ice and exported back to the laboratory for subsequent 
analyses.  
 
Laboratory analysis 
 The collected, unfiltered samples were used for the determination of total 
suspended solids (TSS). Laboratory analyses of the unfiltered samples were undertaken 
within 48 hours after sample collection. Aliquots of the samples were filtered (0.2 μm) 
prior to determining major dissolved anion concentrations. The anions nitrate and nitrite 
were determined by ion chromatography (Dionex ED AS50). Additional aliquots of the 
samples were filtered (0.45 μm) prior to measuring ultraviolet absorbance at 254 nm 
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(Beckman DU-640), dissolved organic carbon (TOC-V Shimadzu), and total dissolved 
nitrogen (TNM-1 Shimadzu) according to guidelines promoted by the EPA (Table 2). All 
filtered samples were stored at 4°C until analyzed. Digestion of unfiltered samples was 
conducted by transferring a volume (9 mL) to conical centrifuge tubes, adding 1 mL of 
concentrated nitric acid (HNO3, 70 %, EM Omintrace), and heating with a water bath on 
a hot plate at a minimum temperature of 100°C for 15 minutes. Aliquots of the cooled 
digestates were then decanted into clean 15 mL plastic bottles (Wheaton HDPE bottle) 
and analyzed for total phosphorous by the Clemson Agricultural Services Laboratory 
(Clemson, SC, USA) using inductively coupled plasma atomic emission spectrometry. 
All chemical analyses were completed within one week after sample collection. 
Appropriate control and blank samples were analyzed in parallel with all experimental 
samples. Table 2 summarizes the methods used for the parameters used in this study 
along with the accuracy of the methods. 
 
 
Table 2: Analytical Methods and Minimal Reporting Levels 
Parameter 
 
 
Unit Measurement Method Equipment 
Minimum 
Reporting Level 
or Accuracya 
DOCb  
 
(mg/L) SMc 5310B 
TOC-VCHS, Shimadzu 
Corp., Japan 0.1 
TDNb 
 
 
(mg/L) 
High Temperature 
Combustion 
TOC-VCHS &TNM-1, 
Shimadzu Corp., Japan 0.1 
UV Absorbanced1  
 
SM 5910 
DU 640, Beckman Inst. 
Inc., USA ±0.005d2 
TSS 
 
(mg/L) SM 2540D NAe ±0.01 
NO3-  
 
(mg-
N/L) 
USEPA Method 
300 
ED 40, Dionex Corp., 
USA 0.01 
P  (mg/L) SM 4500-Cl F 
ICP-AES, TJA Model 
61E 0.03 
a As reported by the manufacturer or based on Standard Methods (AWWA, 1992). b Reagent grade 
potassium hydrogen phthalate (DOC) and reagent grade potassium nitrate (TDN) were used to 
prepare external standards.  Precision ranged from 0.05 to 0.15 mg/L.  c SM: Standard Methods 
(AWWA, 1992). d1 Measured at a wavelength of 254 nm using a 1-cm cell.  d2 Photometric accuracy 
(absorbance units).  e NA: Not applicable.  
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Data evaluation 
Hydrographs 
Hydrographs were obtained by graphing the storm flow in EXCEL versus time. 
The storm flow was calculated by subtracting the base flow from the recorded flow rates 
measured during a storm event. Due to the large storm flow rates observed in LC, the 
base flow was insignificant compared to the storm flow. For the KC and BC5 catchments 
the base flow was significant compared to the storm flow, especially for low rainfall 
storms. This volumetric difference may skew the results for interpreting the observed 
constituent concentrations as being a direct result to overland storm flow. Base flow was 
calculated using the constant slope method [Shukla, 2000]. Some work is under progress 
for more precisely modeling the base flow. The equation for this is shown below: 
Equation 1:   ( ) oott QttmQBaseflow −−⋅−=  
The Qt represents the flow rate at any point in time and Qo represents the initial flow, 
both in units of (m3/min). The t parameters represent the time in minutes. The slope is 
represented as m (m3/min2) which is calculated from the initial and final flow data for a 
storm event as shown in Equation 2. The beginning point of storm flow for each storm 
event was based on when the rainfall began. Ending times were chosen systematically at 
points where the change in flow was negligible compared to flow peaks. At this time the 
change in flow rate was nearly zero in most cases. 
Equation 2:    
ofinal
ofinal
tt
QQ
m −
−=  
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 The zero time in each graph represents the point when the first rainfall data was 
recorded. Analysis of the hydrographs involved looking at the maximum and minimum 
flow rates, along with flow peak intervals. Flow peak intervals were the time it took for 
the flow to rise and fall for the storm flow.  
  
Volume and rainfall curves 
 To understand how the flow responded to rainfall, graphs of volumetric discharge 
and rainfall curves were generated as shown in Figure 3. Total volumetric discharge of 
storm flow that exited the catchment was calculated at each water sampling time. Both 
the volume and rainfall were graphed together in percentages of their total amounts. They 
were graphed versus the fraction of the total time of the storm event. The zero point on 
each graph represents the water sample time nearest to the start of rainfall; this causes the 
rainfall curve to always precede the flow curve. Benefits to graphing the curves in this 
way were that it allowed for easy comparison between volume and rainfall curves to 
curves containing volume and mass percentages of constituents, due to the fact both 
graphs were all on the same time scale. The graphs also contain a summary of the total 
rainfall, runoff depth, and total time of the storm event for each catchment. The runoff 
depth was calculated by dividing the total volumetric discharge attributed to storm flow 
by the area of each catchment. 
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Figure 3: Volume and Rainfall Curves for a Storm Event occurring on February 5, 2004 
at the LC catchment 
 
Event mean concentrations and cumulative loads 
As mentioned previously, data obtained in this study were used to calculate event 
mean concentrations (EMC) and area-normalized cumulative loads (CL). These values 
were used to help quantify the differences between the study catchments. The EMC 
represents a flow-weighted average concentration defined as the total pollutant load 
divided by total runoff volume: 
Equation 3:   
( ) ( )
( )∑
∑
Δ⋅
Δ⋅⋅=
ttQ
ttQtC
EMC   
In this equation C(t) is the time dependent concentration in of mg/L, Q(t) is the time 
dependent flow of cubic meters per minute, and t is the time elapsed from the beginning 
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of the storm event in minutes. The EMC value was represented in of mg/L. The 
cumulative load, normalized by the area of the catchment, is calculated by: 
Equation 4:   ∑ Δ⋅⋅= − ttQtCACL )()(1  
The parameters of C(t) and Q(t) are the same as for the EMC calculation, and A is the 
drainage area of the catchment in units of square kilometers. Both equations also contain 
conversion factors that are not shown in the above equations. It was stated in earlier text 
that water samples were taken on intervals from 15 to 240 minutes while flow was 
recorded on intervals of 5 to 15 minutes. Due to the difference in the frequency of data 
for concentration data versus flow data it was necessary to average the flow rate around 
the concentration data in order to obtain a more accurate mass flow rate. This can be 
accomplished using the trapezoid rule to average the flow halfway between each 
concentration (sample point). Below is an example of how this was calculated. The 
subscripts 0, n+1, and z represent different midway points between two sampling times. 
Equation 5:  
[ ]
[ ] 1212
111
2/1:2/1
2/1:2/1
+++
+
⋅++⋅=
⋅++⋅=
∑
∑
zznni
nnoi
QQQQQ
QQQQQ
 
 To determine if a nutrient exhibits quick export behavior, it was necessary to 
calculate the total volume of storm water runoff to use with the cumulative load 
information. Using the cumulative load information it was possible to determine if the 
export of constituents preceded the flow and if the rate of export increased with 
increasing development.  
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Propagation of error calculations on a few data sets indicate that the error 
associated with EMCs for all constituents was generally less than 0.01 mg/L, except for 
TSS. Error for EMCs on TSS appeared to be under 50 mg/L for stable (undeveloped 
catchments) and 1-2 orders of magnitude higher for developing catchments. Error on the 
CLs was typically 10 to 20 percent of calculated values with the exception of 
phosphorous, which was calculated up to 59% of its calculated values. Error calculations 
assumed a 40% error in all flow measurements. 
 
Chemographs 
In order to gain perspective of the behavior of the runoff and constituents, 
chemographs, containing both the hydrograph and nutrient concentrations, were graphed 
for the storm events. In these graphs the scale for the flow rate in cubic meters per minute 
was located on the right y-axis while the concentration scale of the nutrients in 
milligrams per liter was located on the left y-axis. Most concentration data were graphed 
as it was recorded; however nitrate concentrations were calculated in units of nitrogen by 
multiplying the nitrate concentrations by a ratio of nitrogen’s atomic weight to the 
molecular weight of nitrate. This was done so that the data would be in more appropriate 
units. An example of a graph containing the hydrograph along with concentrations of 
dissolved organic carbon (mg/L), total dissolved nitrogen (mg-N/L), and dissolved nitrate 
(mg-N/L) can be seen in Figure 4 which was constructed from data from a storm event 
recorded at the LC catchment on February 5, 2004. The starting point of this graph, and 
all chemographs, was set to the time at which the first rainfall was recorded. 
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Figure 4: Export of DOC, TN, and NO3- during a Storm Event occurring on February 5, 
2004 for the LC catchment 
 
Nutrient calculations 
 In this study it was known that nitrate contributed to the majority of the inorganic 
nitrogen such that other sources of inorganic nitrogen such as nitrite and ammonia were 
ignored. To obtain concentration values of the dissolved organic nitrogen content the 
concentration of nitrate-nitrogen (mg-N/L) was subtracted from the total dissolved 
nitrogen concentration. If a large portion (>60%) of the dissolved organic nitrogen 
concentrations were less than zero due to error in the TDN and nitrate measurements, 
then no data was presented for either the DON or the C/N ratios. 
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SUVA254 values at 254 nm and carbon to nitrogen ratios were calculated to gain 
perspective on the nature of the organic matter within the stream. SUVA254 values are 
calculated as follows: 
Equation 6:   
100254254 ×= DOC
UVSUVA  
In this equation UV254 is the UV absorbance at 254 nm in units of cm-1, DOC is the 
dissolved organic carbon concentration in mg/L, and 100 is a conversion from 
centimeters to meters. SUVA254 values were represented in units of L/mg-m. Monitoring 
SUVA254 values versus the flow yielded understanding as to how development altered the 
export of aromatic carbon from the catchments. Propagation of error equations indicate 
that typically an error of around 1.0 L/mg-m for SUVA calculations. 
Carbon to organic nitrogen molar ratios were calculated as shown below, 
Equation 7:  12
14
12
14/
3
×−=×= −NOTDN
DOC
DON
DOCNC  
where DOC and DON of concentrations of dissolved organic carbon and dissolved 
organic nitrogen respectively, both in units of mg/L. Note that the nitrate is in terms of 
mg-N/L. The ratio of 14 to 12 is the ratio of the atomic weights for carbon and nitrogen. 
This resulted in carbon to nitrogen ratios having units of moles carbon to moles nitrogen. 
The C/N ratios were graphed versus the flow to understand how the nature of the 
composition of organic matter exported from the catchments may have changed with 
flow and/or development. The error associated with C/N ratios is very dependent on the 
ratios associated with a given data set. Propagation of error shows that C/N ratios can be 
unreliable with errors of over 70% of average C/N ratios calculated for multiple data sets. 
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CHAPTER FIVE 
HYDROGRAPHS  
General 
Using the calculated flow rates obtained from each sampling station, hydrographs 
were generated for 57 storm events. It was predicted that because of the small areas of the 
catchments, there would be a rapid impact of rain events on the streams. Indeed, the 
majority of storm flow occurred within a 24 hour period following the start of 
precipitation. Hydrographs are shown in Appendix B; the flows are not normalized in the 
hydrographs, however normalized minimum and maximum flow values can be found in 
Appendix A, Table A.1. The behavior of the hydrographs was influenced by a number 
of variables including rainfall intensity, antecedent dry weather patterns were completely 
different during the rain events. This was attributed to different rainfall patterns for each 
storm event. Figure 5 compares the two rainfall patterns; the rainfall in 1/13/2005 
occurred within a short period of time at the beginning of the storm, whereas the rainfall 
on 2/2/2005 was spaced out along the entire event. This was the cause for the single 
intense peak that was observed for 1/13/2005, and the broader, multiple peak hydrograph 
for 2/2/2005. 
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Figure 5: Volume and Rainfall Curves for Two Storm Events in LC 
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The LC catchment generally experienced the highest flow rate in single storm 
events and the KC catchment had the lowest flow rates in single storm events. This is 
because of the lower acreage in KC, which resulted in smaller discharge. However, even 
the normalized flow rates of the KC catchment were never as high as what was seen in 
the LC catchment. This was attributed to LC being more developed than KC at any 
period of observation in the study. Normalization of the data reveals that after the KC 
catchment had been disturbed by development, beginning with storm event 2/14/2005, 
the discharge is equivalent or higher than that of the BC5 catchment (Appendix A, Table 
A.1). Recall that the BC5 catchment was more than three times the size of KC, so non-
normalized flows often were closer to the LC catchment rather than the KC catchment.  
Development occurring within a catchment generally affects the amount of 
impervious area. Disturbance of catchments such as the removal of vegetation or the 
addition of roads increases the amount of impervious area and also removes impediments 
to the export of rainfall. Increased impervious area and reduction of vegetation within a 
catchment results in quicker loading to nearby waterways as a result of alterations to the 
flowpaths available for rainfall and increased runoff velocities. Thus as a site begins to 
undergo development, the hydrographs were expected to experience faster, and shorter 
responses to precipitation. 
 
Initial response of catchments 
The earliest recorded event for all three locations, storm event 2/5/2004, shows 
the contrasting hydrologic response between the catchments at the beginning of project. 
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The storm had a moderate rainfall of around one inch and an antecedent dry weather 
condition of two days. Hydrographs of the events are shown in Figure 6. Both BC5 and 
KC catchments were undeveloped/undisturbed at this time and displayed similar behavior 
to one another, and were similar to what was considered typical behavior of stable semi-
rural catchments. Their hydrographs have broad peaks with relatively low rates of change 
for their flow rates. Roughly 15-20% of the LC catchment had been cleared of vegetation. 
The response of the catchment was similar to that of urban catchments with rapid 
increases and decreases of flow. Flow peak intervals were short, the longest being about 
370 minutes.  
Similar patterns were also observed for the storm events 6/25/2004 and 9/16/2004 
which took place a few months prior to tree-thinning occurring within the KC catchment 
(Appendix B, Figures B.6-B.8 and B.11-B.13). The effect of antecedent dry weather 
condition on hydrograph trends was observed during the 9/16/2004 storm event. During 
this storm event, all three catchments displayed fast responses to rainfall; however, while 
LC also experienced rapid decreasing flow, the BC5 and KC catchments displayed 
slower decreasing flow. This event had a rainfall of 0.48 inches precipitation, and the 
antecedent dry weather condition was seven days. However, the previous storm event, 
9/7/2004, had an extremely large rainfall for the area due to a large tropical storm with 
around 5 inches recorded at the sampling locations. The rapid increase in flow seen in all 
the catchments can be attributed to saturation of the catchments from the earlier event. It 
should be noted that the hydrographs for the BC5 and LC catchments both display rapidly 
increasing and decreasing flow for the storm event 9/7/2004 due to the intense rainfall 
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(Appendix B, Figures B.9 and B.10). No hydrograph exists for the KC catchment for 
the storm 9/7/2004 as the storm flow was hindered by upstream structures making the 
flow rates calculated for this catchment inaccurate.  s
44
 
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0
2
4
6
8
10
12
14
16
0 1000 2000 3000 4000
R
a
i
n
f
a
l
l
 
(
c
m
)
F
l
o
w
 
(
m
3
/
m
i
n
)
Time (min)
Hydrograph for BC5 2/5/2004
Flow
Rainfall
 
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0
1
2
3
4
5
6
7
0 1000 2000 3000 4000
R
a
i
n
f
a
l
l
 
(
c
m
)
F
l
o
w
 
(
m
3
/
m
i
n
)
Time (min)
Hydrograph of LC 2/5/2004
Flow
Rainfall
 
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
0 1000 2000 3000 4000
R
a
i
n
f
a
l
l
 
(
c
m
)
F
l
o
w
 
(
m
3
/
m
i
n
)
Time (min)
Hydrograph for KC 2/5/2004
Flow
Rainfall
 
Figure 6: Hydrographs of Catchments for the First Storm Event 2/5/2004
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Post-development of KC catchment 
The earliest recorded storm event for the KC catchment after the commencement 
of development was storm event 2/14/2005 (Appendix B, Figures B.19). At this point in 
time about 30% of the KC catchment had been subjected to tree-thinning. Only a small 
amount of rainfall was recorded for the storm with the final precipitation being around 
0.27 inches. The antecedent dry weather was two days. There was very little hydrologic 
response to the rainfall at the KC catchment in contrast to the LC catchment where the 
flow increased almost ten times its initial baseline flow (Appendix B, Figures B.19 and 
B.20). The majority of the storm flow (~98%) for the KC catchment was recorded during 
the first 740 minutes, over six hours more than the duration of storm flow for the LC 
catchment which was approximately 350 minutes. The next storm event, 5/20/2005, was 
preceded by road grading at the KC catchment a month earlier. The hydrologic responses 
in both the LC and KC catchments were very similar to one another both in terms of the 
magnitude of flow increases and the duration of storm flow (Appendix B, Figures B.21 
and B.22). This quick response was likely invoked by the 2.44 inches of rainfall 
associated with the event. This large rainfall combined with the short antecedent dry 
weather condition of four days likely contributed significantly to the observed response.  
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Figure 7: Comparison of the Hydrographs from the 7/29/2005 Storm Event for all Catchments 
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Storm event 7/29/2005 recorded data from all three sites; it also fortuitously 
occurred soon after the road grading was completed and a sewer line was installed at the 
KC location. Average precipitation recorded between all three sampling sites was 0.54 
inches; the antecedent dry weather condition was seven days. In this event, it is evident 
by the extent of the hydrologic response that the KC catchment had been affected by 
development. Comparison of the LC and KC hydrographs show that both catchments 
have nearly identical responses (Figure 7). With peak interval times of approximately 
120 and 130 minutes for KC and LC, respectively, the KC catchment displays slightly 
quicker responses to rainfall, which was expected as it had the smallest area. Conversely, 
the BC5 catchment displayed the same behavior as it had previously of gradual rates of 
change in the flow rates resulting in a long flow peak interval of approximately 560 
minutes. Most of the storm events observed for the 2005 year experienced higher than 
average rainfalls. However, even small precipitation events resulted in quick hydrologic 
response from KC, such as storm event 8/22/2005 which recorded 0.28 inches of rain at 
the KC sampling site (Appendix B, Figure B.26). The storm event had three days of 
antecedent dry weather; the peak interval time was around 235 minutes. 
By the year 2006 the initial stages of development had been completed in the LC 
and KC catchments. Construction continued; Table 3 gives percentages for development 
and impervious surface area for KC and LC during the length of the study. These data 
were calculated and compiled for use in a separate survey [Sciera, 2008]. In March of 
2006, two storm events, 3/10/2006 and 3/20/2006 were recorded within a two week 
period. The events differed in amounts of rainfall received for each event, but similar 
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results were observed (Appendix B, Figures B.29-B.34). The first storm recorded an 
average rainfall of 0.13 inches between all three precipitation gauges, while the later 
storm had a moderate rainfall average of 0.96 inches. The storm event 3/10/2006 showed 
decreasing hydrologic response with decreasing active construction. The BC5 catchment 
showed only a slight increase in the flow, which gradually decreased to a baseline flow. 
Hydrographs for the KC and LC catchments had more defined flow peaks although the 
intensity of the flow peak from the LC catchment was much greater than what was seen 
in the KC catchment. Storm event 3/20/2006 had the same increased response of flow to 
rainfall with increasing development. During this storm the majority of the rainfall 
occurred in the earlier portion of the storm with the rest of the rainfall occurring nearly 
halfway through the storm event as can be seen in Figures 8-10. The response from the 
LC catchment closely followed the rainfall pattern with a defined response around the 
time fraction 0.15, which correlated to the large fraction of initial rainfall. The slope of 
the volumetric discharge curves also seems to change around the time fraction 0.6 in 
response to later rainfall. KC responded a little slower and only had one small response at 
the time fraction 0.1 in Figure 9. In BC5 there was only a slight response that came 
around the time fraction 0.2; showing a much longer lag between rainfall and flow 
response. While both the hydrographs for both the LC and KC catchments had two 
distinct peaks, the BC5 catchment had no second flow peak. The only indication of the 
later rainfall occurring in the undisturbed catchment was a slight decrease in the rate at 
which the flow for the stream decreased. This storm event illustrated the degree to which 
streams in disturbed catchments were susceptible to sporadic rainfall. The results indicate 
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that increased impervious surface area, which is associated with increased development, 
allows water to be exported quicker to the nearby streams resulting in the strong 
responses seen in the catchments. 
0
20
40
60
80
100
0.00 0.20 0.40 0.60 0.80 1.00
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
Rainfall
Rainfall: 23.1 mm
Runoff depth: 0.67 mm
Total time: 1355 min
 
Figure 8: Volume and Rainfall Curve for BC5 3/20/2006 (undeveloped) 
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Figure 9: Volume and Rainfall Curve for KC 3/20/2006 (4% developed; 4% impervious 
surface) 
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Figure 10: Volume and Rainfall Curve for LC 3/20/2006 (35% developed, 12% 
impervious surface area) 
 
 
It should also be noted that during the 2006 year the area received 8 inches below 
the historical yearly average for the area. This resulted in the flow within the streams 
being lower than previously observed. Conditions within the streams combined with 
small rainfall storm events caused lower total volume to be calculated for storm events. 
This may have had some affect on the hydrologic behavior by making increasing in flow 
in response to rainfall appear to be greater than in earlier storm events due to low flow 
within the streams. 
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Date
Percentage Impervious 
Surface
Percentage 
Developed
Percentage Impervious 
Surface
Percentage 
Developed
Dec-02 0 0 3.20 3.13
Nov-03 3.92 3.96 3.98 3.89
Apr-04 3.92 3.96 7.14 6.98
May-04 3.92 3.96 8.95 18.17
Jun-05 3.92 3.96 8.95 18.17
Aug-05 3.92 3.96 11.75 27.45
9/21/2005 3.92 3.96 12.30 30.91
2/2/2006 3.92 3.96 12.88 34.49
4/20/2006 3.92 3.96 13.40 37.67
5/25/2006 4.00 4.51 13.53 38.51
6/15/2006 4.00 4.51 13.53 38.51
7/18/2006 4.00 4.51 13.60 38.92
8/16/2006 4.10 5.09 13.60 38.92
9/15/2006 4.10 5.09 13.88 40.67
10/20/2006 4.18 5.62 13.94 41.06
11/20/2006 4.40 7.02 14.10 42.01
12/14/2006 4.40 7.02 14.18 42.52
1/11/2007 4.57 8.13 14.28 43.13
2/8/2007 4.57 8.13 14.36 43.60
3/8/2007 4.57 8.13 14.36 43.60
4/19/2007 4.57 8.13 14.56 44.85
5/16/2007 4.57 8.13 14.76 46.09
6/20/2007 4.64 8.58 14.92 47.08
7/18/2007 4.64 8.58 14.98 47.44
8/15/2007 4.73 9.12 15.22 48.93
9/14/2007 4.73 9.12 15.32 49.56
10/17/2007 4.73 9.12 15.32 49.56
11/20/2007 4.73 9.12 15.35 49.75
12/13/2007 4.80 9.57 15.35 49.75
1/22/2008 4.84 9.87 15.47 50.48
Table 3: Percentages of Development for LC and KC
LC CatchmentKC Catchment
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Post-development of BC5 catchment 
As mentioned earlier, development of the BC5 catchment began in May of the 
year 2007. The storm events show that the hydrologic response was altered such that the 
storm events for this time period begin to resemble hydrographs of the other catchments 
during their development periods. In storm events of 8/24/2007 and 9/14/2007, the 
hydrographs can be generalized as having high peaks with quick responses to rainfall 
(Appendix B, Figures B.50-B.53). Both rain events experienced a moderate amount of 
rainfall, an average of 0.61 and 1.81 inches respectively. Graphs of the volumetric 
discharge and rainfall curves for the LC and BC5 catchments in storm event 9/14/2007 
can be seen in Figure 11 and Figure 12. The fast responses to rainfall are similar for both 
the LC and BC5 catchments. In the storm event 11/26/2007, for which all data existed for 
all three catchments, a small amount of rainfall was recorded at 0.31 inches (Appendix 
B, Figure B.54-B.56). In this storm event the response of the hydrographs to the small 
rainfall was not very defined and did not show much distinction of the development for 
either the KC or BC5 catchments. 
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Figure 11: Volume and Rainfall Curves for BC5 9/14/2007 
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Figure 12: Volume and Rainfall Curve for LC 9/14/2007 
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Summary 
The examples presented in this section show that hydrograph patterns were 
influenced by a combination of all three factors: (1) rainfall intensity, (2) antecedent dry 
weather conditions, and (3) the amount of impervious area within the catchment. Under 
high rainfall conditions, such as storm event 9/7/2004, the responses will be similar for 
the catchments regardless of impervious area within an individual catchment. These 
higher rainfalls can also affect the response of later storm events, such as 9/16/2004, from 
saturation of the soil in the catchments allowing for fast responses from smaller rainfall. 
The change in hydrologic behavior for both the BC5 and KC catchments occurred 
coincided with development occurring within the catchments. Development affected the 
catchments by allowing more rapid transportation of rainfall to streams, resulting in quick 
responses in the flow when rainfall occurs within the catchment. The results are typical to 
what has been reported in earlier studies [Rose and Peters, 2001]. Responses of flow were 
greatest in the most developed catchments, and recession times were shorter. 
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CHAPTER SIX 
 
WATER QUALITY ANALYSIS 
Of the 75 storm event data sets (i.e., water quality and hydrologic data) that were 
obtained for the three catchments, 39 data sets were chosen for further evaluation based 
on the available hydrologic and constituent data, and the sampling times relative to the 
hydrograph of the storm. Data sets that did not have flow data or water quality data for at 
least DOC and TDN were not analyzed as this information was imperative to the 
comparison of the catchments. In order to calculate accurate event mean concentrations 
and cumulative loads, it was necessary that multiple water samples must be taken during 
the portion of the storm event in which the majority of the storm flow occurred. 
Therefore, storm events that had sampling points that were not representative of the 
majority of the storm flow were also removed from further evaluation. The final data sets 
chosen for analysis included: 15 data sets for the LC catchment, 10 data sets for the KC 
catchment, and 14 data sets for the BC5 catchment. The main reason that there were less 
storm events for the KC catchment is that initially it took over 0.5 inches of rain to cause 
a response in KC as compared to 0.1 inches of rainfall for the LC catchment. In addition, 
there were storm events in 2005 that the sampling location in the KC catchment failed to 
record hydrologic data, accounting for another reason of the lower number of data 
available for KC. In the overall data sets, five storm events occurred on the same date for 
all three catchments: 2/5/2004, 9/16/2004, 7/29/2005, 3/20/2006, and 11/26/2007. The 
range of flow rates (without subtraction of storm flow) and selected water quality 
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parameters over the entire study is summarized in Table 4. Overall data sets for the three 
catchments are provided in Appendix, Table A.1 and A.2. 
min max min max min max
Rainfall (cm) 0.33 12.6 0.33 12.6 0.33 12.6
Range of Flow Rates (m3/min*km2) 0.21049 437.8 0.1115 192.5 0.0084 195
Range of DOC Concentrations 
(mg/L) 0.63 9.58 0.92 6.60 0.19 12.30
Range of TDN Concentrations (mg-
N/L) 0.10 3.24 0.09 0.81 0.38 1.40
Range of NO3
- Concentrations (mg-
N/L) 0 0.77 0 0.76 0.14 0.93
Range of P Concentrations (mg/L) 0 3.26 0 0.48 0 0.92
Range of TSS Concentrations (mg/L) 3.3 7820 1.12 9283 0.4 2453
BC5LC KC
Table 4: Ranges of Values Recorded in Catchments During Storm Events
 
The KC catchment generally had lower constituent concentrations than either the 
LC or BC5 catchments. The exception to this was when the KC catchment was 
undergoing development, although this was only relative to TSS concentrations. The BC5 
catchment experienced the highest nitrate-nitrogen concentrations; this is likely due to the 
presence of nearby animals (also see Appendix A, Tables A.1 and A.2). 
Graphs of the percentage cumulative load versus percentage volumetric total flow 
allowed easy understanding of the behavior of nutrients with respect to flow but were 
ineffective at describing the intensity of concentration changes. Supporting graphs of the 
loading of different water quality values and flow were given within the text to show 
another perspective. Event mean concentrations were used to better interpret the changes 
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in constituent concentrations over the period of the study. In the nutrient flush graphs and 
event mean concentrations, the results of the behavior of DON were sometimes greatly 
affected by small differences in the behaviors of TDN and NO3-, as the calculated 
concentration values of DON were dependent on these two variables. Cumulative loads 
were also calculated for the entire storm event to observe the total transport of nutrients. 
As stated earlier, it was not possible to determine what portion of the cumulative loading 
was due to overland sources. However, under the scenario where high EMC and CL 
values for total suspended solids were recorded, it was assumed that a significant amount 
of the loading was due to overland runoff. 
Generally it appeared that certain constituents followed the same patterns; this is 
probably due to the similar attachment to one another. For example phosphorous tends to 
be exported along with sediment resulting in the flush of phosphorous and total 
suspended solids to typically mimic one another. Since dissolved organic carbon and 
dissolved organic nitrogen are often bound to the same organic compounds, they 
generally had similar behavior also. Inorganic nitrogen (nitrate) appeared to be mobilized 
as easily as organic nitrogen such that it followed the same trends as DOC and TDN 
concentrations. 
 Accurate observation and interpretation of the export of nutrients within a 
watershed was extremely difficult due to the uncertainties that were involved. No 
samples of upstream water quality or the streambed were taken; so it was not possible to 
establish a baseline concentration of constituents. It is not possible to use water quality 
data collected prior to a storm event to establish a baseline as it does not account for 
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either upstream contributions or in-stream sources resulting from mixing of stream-bed 
sediment. Nutrients within natural systems can be influenced by a number of factors, 
some of which are not easily classified. The multitude of influences makes it difficult to 
ascertain whether observed behavior is due to development or the result of alternate 
stimuli. For example a partial amount of the total mass of nutrients observed within a 
stream is likely to be due to in-stream sources that are agitated during a storm event. 
Nutrients can also vary seasonally, without extensive data it was not possible to 
determine if observed concentrations or truly larger than what would be typically seen.  
 
Suspended Solids 
General 
 Total suspended solids consist of particulate organic and inorganic matter present 
in natural waters. Development can affect suspended solids by increasing the amount of 
sediment available for transport through practices that disturb the soil, such as tree-
thinning, road grading, and installation of sewer lines. The goal for the application of 
BMPs to development sites was to prevent transport of these solids to the nearby streams. 
This is imperative as suspended solids impact downstream areas by contributing to the 
clogging of stream beds and accumulation of sediment in bodies of water such as Lake 
Greenwood. 
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Initial Response of Catchments 
 TSS concentrations followed similar behavior to the hydrographs for all three 
catchments, generally with the highest concentrations recorded at the highest flow 
(Appendix D). The best correlations with flow were seen in the LC catchment. 
Inspection of the flush curves revealed that in most storm events TSS would precede the 
flow. Some graphs show a small lag period at the earlier portion of storm events as was 
seen for the catchments in storm event 2/5/2004 (Appendix F, Figures F.1-F.3). This lag 
was because of a small flow increase from a low initial rainfall prior to the majority of 
the rainfall storm flow. This is shown in Figure 13 where the curves show the behavior 
of the rainfall pattern, along with the volumetric and mass loadings for all three 
catchments. 
The concentrations of TSS varied in magnitude between the catchments. At the 
beginning of the project, the LC catchment had the largest TSS event mean 
concentrations and cumulative loads for all storm events (Appendix A, Tables A.3). In 
contrast, the KC and BC5 catchments were sometimes as much as 1 to 3 orders of 
magnitude smaller in comparison. Neither of the two undisturbed catchments experienced 
consistently larger EMCs or CLs over one another; the lowest values varied between 
catchments for different storm events. Both the EMCs and CLs for TSS were dependent 
on rain intensity and antecedent dry weather condition. The most intense rainfall 
observed, storm event 9/7/2004, had the highest EMC and CL recorded for all the storm 
events during this period. Values for these parameters were calculated as 5,038 mg/L and 
960,700 kg/km2 for the LC catchment and 423 mg/L and 8,930 kg/km2 for the BC5 
 
59 
catchment. The high CL value in the LC catchment was probably due to the failure of the 
BMPs during this high rainfall which allowed for the transportation of large amounts of 
sediment. The effects of development and failure of BMPs also explains why the second 
highest observed EMC and CL for the LC catchment were for storm event 9/16/2004 
which only experienced half the rainfall of storm event 2/5/2004 (Appendix A, Table 
A.3). Another reason is that storm 9/16/2004 had more rainfall in a shorter fraction of the 
time than 2/5/2004, which explains why the BC5 catchment had nearly equivalent CLs 
for the two storm events. This observation shows the importance of rainfall intensity and 
antecedent dry weather on influencing the behavior of TSS concentrations.  
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Figure 13: Curves for Rainfall, Volume, and TSS for 2/5/2004 (The catchments from top 
to bottom are BC5, KC, and LC)
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Post-Development of KC Catchment 
 
 During this time period TSS continued to precede the flow for most storm events. 
This behavior did not appear to be dependent on total rainfall as shown in Figures 14-16 
for different storm events for the KC catchment. Curves for the storm events, 5/20/2005, 
7/29/2005, and 3/20/2006 are presented in the figures. The rainfall for the storm events 
were 1.77, 0.54, and 0.96 inches respectively. In all the graphs the mass of TSS was 
exported quicker than the volumetric loading of the flow; however no flush seemed to be 
more distinctive in any single event despite the differences in rainfall amounts. The 
rainfall curves show that in all the storms the majority of the rainfall occurred in the 
earlier portion of the storm; reinforcing that rainfall pattern mainly affects the export of 
TSS, rather than total precipitation.  
Total precipitation and development did affect the EMC and CL values obtained 
during this period. Higher rainfalls coincided with events that had the highest EMC 
values relative to other storms from the same catchment (Appendix A). Development 
greatly increased the amount of solids available for export, especially if the development 
involved disturbing the soil. An example can be shown in storm event 7/29/2005 which 
occurred after installation of sewer lines and road grading in the KC catchment. The 
EMC for TSS in this catchment was 5,700 mg/L for KC; three times larger than the EMC 
in the LC catchment, 1,890 mg/L, for the same storm. Overall, the CLs of TSS during 
this period were lower in the BC5 and KC catchments than was observed in 2004. This is 
attributed to the lack of storms occurring in 2004 that could be analyzed and used for 
comparison. The conditions did not seem to affect the LC catchment which had similar 
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TSS cumulative loads as were calculated for earlier storms such as storm event 2/5/2004 
(Appendix A, Table A.3).  
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Figure 14: Rainfall, Volume, and TSS Curves for KC 5/20/2005 
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Figure 15: Curves for Rainfall, Volume, and TSS for KC 7/29/2005 
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Figure 16: Rainfall, Volume, and TSS Curves for KC 3/20/2006 
 
Post-Development of BC5 Catchment 
TSS flushes show that in most storm events, the TSS continues to precede the 
flow for the catchments in most storm events (Appendix F). In storm event 11/26/2007, 
the BC5 catchment flush graphs show a large lag in the TSS which was not mimicked in 
the other two catchments (Figures 17 and 18). Neither KC nor LC had a distinct flush 
due to the low rainfall, 0.31 inches, of the storm event (Figure 18). The graph of TSS 
concentrations and the hydrograph shows that the TSS concentrations increased later 
which caused the noticeable lag seen in Figure 17. A slight lag was also seen in the storm 
event 9/14/2007 (Figure 17) which had a higher rainfall of 1.81 inches. Both storms 
received the entire rainfall in the earlier portion of the storm. This lag may be a result of 
the silt fences and other measures in place to decrease the impact of development by 
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preventing storm runoff into the stream. It is possible that at a point the runoff may 
bypass the fences or the runoff may be from sources at other points in the catchment 
which have longer flow paths necessary to reach the streams; the time it takes being 
dependent on rainfall intensity. Overall the TSS event mean concentrations and 
cumulative loads were smaller for all the catchments than calculated for the 2004-2006 
years including storm events of equivalent rainfall (Appendix A, Table A.4-A.5). This 
may be both a result of the silt fences in BC5 and completion of the more intensive 
development projects in the LC and KC catchments.  
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Figure 17: Curves for Rainfall, Volume, and TSS for BC5 (The catchments from top to 
bottom are 9/14/2007 and 11/26/2007.) 
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Figure 18: Curves for Rainfall, Volume, and TSS for 11/26/2007 (The catchments from 
top to bottom are KC and LC.) 
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Summary 
During periods of development the TSS concentrations observed within streams 
of developing catchments increased, then decreased as development was completed 
(Appendix A, Tables A.2-A.6). The data indicates that typically for any given rainfall 
LC would have the highest TSS EMCs, followed by KC, with BC5 generally having the 
lowest EMCs. Based on the behavior and EMCs for the BC5 catchment after 
development (all events in 2007), it would seem that properly maintained BMPs will 
reduce the export of solids from a catchment. Unless a small rainfall occurred, the TSS 
curves show the mass of suspended solids preceding the flow in all catchments. 
Deviations from this usually occurred when intense development was occurring on one 
catchment, such as storm event 7/29/2005, which took place after the installation of a 
sewer line in the KC catchment. In the storm event the EMC of TSS was nearly four 
times higher than what was calculated for the LC catchment. Rainfall and antecedent dry 
weather also affected the observed TSS concentrations during storm events. Higher or 
more intense rainfall and lower antecedent dry weather resulted in more runoff and 
higher export of suspended solids. A portion of the suspended solids observed in the 
natural systems were attributed to in-stream sources. No attempts were made within this 
study to calculate how much in-stream sources contributed to overall TSS concentrations. 
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Phosphorous 
General 
 Phosphorous is often a limiting nutrient in biological systems, so changes in the 
amount exported to the aqueous environment can cause problems in downstream water 
quality. One example would be the promotion of algae growth; algae blooms have been a 
problem in Lake Greenwood, a downstream water of the catchments. In addition to the 
phosphorous naturally present in soil, outside inputs of phosphorous can be applied to 
catchments through use of fertilizers.  
Total phosphorous was measured in this study. Phosphorous exists in both 
particulate and dissolved forms; the former comprising the higher percentage of total 
phosphorous. It is known that phosphorous is transported more by surface runoff rather 
than leaching and groundwater transport [Tiessan, 1995]. Concentrations of phosphorous 
in this study were typically under 1 mg/L in most catchments. Three of the 39 data sets 
did not contain phosphorous data. 
 
Initial Response of Catchments 
As for TSS, the phosphorous concentrations strongly correlated with the flow 
(Appendix D). Phosphorous concentrations were often more scattered than TSS, but this 
was most likely due to the low concentrations present in the environment. Flush graphs 
(Appendix F) showed that in most storm events the mass of phosphorous tended to 
precede the flow, with the majority being exported in the most intense portion of the 
storm when the runoff was the highest. The EMCs for phosphorous did not vary greatly 
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between catchments (Appendix A, Table A.3). In the storm event 2/5/2004 the 
phosphorous followed the same pattern as the TSS but at a lower intensity (Figure 19). 
Similar to the TSS it appeared that the rainfall pattern controlled when the majority of the
phosphorous was exported. 
   
0
20
40
60
80
100
0.0 0.2 0.4 0.6 0.8 1.0
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
P
Rainfall
Rainfall: 26.4 mm
Runoff depth: 5.8 mm
Total time: 3312 min
   
0
20
40
60
80
100
0.00 0.20 0.40 0.60 0.80 1.00
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
P
Rainfall
Rainfall: 27.4 mm
Runoff Depth: 5.7 mm
Total Time: 2870 min 
 
                 
0
20
40
60
80
100
0 0.2 0.4 0.6 0.8 1
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
P
Rainfall
Rainfall: 23.4 mm
Runoff Depth: 3.6 mm
Total Time: 2300 min
 
Figure 19: Curves of Volume and P for 2/5/2004 
 (From top to bottom: BC5, KC, LC.) 
Post-Development of KC Catchment 
 
 
71 
Observation of the cumulative loads for the KC catchment reveal that flush of 
phosphorous was more evident during this time period (Appendix F, Figures F.15, F.18, 
F.20 and F.25). In Figure 20, which was graphed for storm event 7/29/2005, the export 
of phosphorous is similar in both the LC and KC catchments. The export of phosphorous 
in each of these occurs in a smaller fraction of time for the storm than what was seen in 
BC5. The change in behavior of the export of P in KC for the 7/29/2005 storm event 
yields evidence that development affects the transportation of phosphorous. 
The phosphorous EMCs increased during the 2005 year for both KC and LC, but 
did not appear to change in BC5. During 2006 lower values were observed in the two 
developing catchments; it cannot be discerned if this was typical behavior as only 3 of the 
5 data sets for LC and KC had phosphorous data. The BC5 catchment continued to have 
low EMC values for phosphorous. 
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Figure 20: Curves of Volume and P for 7/29/2005  
(From top to bottom: BC5, KC, LC.) 
Post-Development of BC5 Catchment 
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Following the same pattern as KC, the transportation of phosphorous became 
quicker after the BC5 catchment had been disturbed as given evidence in Figure 21. In 
this figure the response of phosphorous was examined for the storm events 6/23/2006 
(prior to development) and 9/14/2007 (after development). The rainfall amounts were 
similar for the storm events, 1.61 and 1.81 inches respectively.  
Although the phosphorous concentrations generally followed the same pattern as 
TSS concentrations, the lag seen for the TSS in storm event 11/26/2007 did not occur for 
phosphorous (Figure 22). Comparison of the two graphs of TSS and P for this event 
(Appendix D, Figure D.70 and D.71) shows that the phosphorous did increase with the 
later increase of suspended solids. This implies that whatever prevented the export of 
TSS from reaching the stream, silt fences or otherwise, was not effective for phosphorous 
as it followed the flow initially. During 2007, the phosphorous EMCs seemed to slightly 
increase in all the catchments from the 2006 year to equal or higher value than the earliest 
portion of the study (Appendix A, Table A.6). The phosphorous EMCs for BC5 did not 
appear to increase much, with the exception of storm event 9/14/2007. The cumulative 
loads for P were smaller than what was seen in earlier records in all catchments.  
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Figure 21: Curves of Volume and P for BC5  
(From top to bottom: 6/23/2006 and 9/14/2007) 
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Figure 22: Curves of Volume and P for BC5 11/26/2007  
 
Summary 
 The behavior of phosphorous typically mimicked the pattern of TSS during storm 
events as can be seen in the figures presented in Appendix D. It also tended to precede 
the flow in most of the cumulative loading graphs (Appendix F), but to a lesser extent 
than TSS. This correlation between phosphorous and suspended solids supports what was 
stated in the literature [Tiessan, 1995] in that P tends to be exported through earlier runoff 
as the majority of phosphorous is particulate in form. After development, in both the KC 
and BC5 catchments, it was observed that the majority of phosphorous exported occurred 
in a smaller fraction of the total time. Examination of the EMCs gathered for P over the 
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period of observation (Figure 23) revealed that there was no trend distinguishable for the 
catchments. However, the cumulative loads of the phosphorous appear to decrease over 
the study, with the lowest values being recorded in 2007, indicating some type of 
seasonal trend. 
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Figure 23: Event Mean Concentrations for P 
 
Nitrogen 
General 
 Similarly to phosphorous, nitrogen, especially nitrate, is often a limiting nutrient 
in biological systems. Changes to the export of nitrogen affect the surrounding 
ecosystem. In this thesis, TDN and NO3- were measured directly and DON was estimated 
to be the difference between TDN and NO3-. Sources of DON include foliage from the 
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catchments and it was expected that DON would decrease with increasing development 
as a result of the removal of vegetative cover. As organic nitrogen was a large contributor 
to TDN, the TDN values were also expected to decrease with increasing development.  
 
Initial Response of Catchments 
The TDN and NO3- concentrations generally were exported at the same rate as the 
flow and showed similar patterns in all three catchments. Graphs of the concentrations 
and hydrographs show TDN concentrations rising and falling with the flow; nitrate-
nitrogen concentrations reacted similarly although to a smaller magnitude than TDN 
concentrations (Appendix C, Figures C.1-C.16). During storm events, constituents 
rarely returned to the same concentration after a flow peak; generally concentrations were 
higher. Frequently, the concentrations of constituents would return to base values within 
a 12 hour period of time. The intensity of reactions for all three constituents varied by 
event, and did not seem to correlate to development. Figures 24-26 show the export of 
these three nutrients for the storm 2/5/2004. The shape of the NO3- curve for the KC 
catchment was not included as most of the water samples had nitrate concentrations 
recorded as zero, which resulted in a NO3- curve that was not a reliable representation of 
typical behavior. The zero concentrations also meant that the DON reacts almost 
identically to TDN for this data set because of the reliance of DON concentrations on 
NO3- concentrations. 
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Figure 24: Volume and TDN Curves for Storm Event 2/5/2004 
 (From top to bottom, BC5, KC, and LC) 
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Figure 25: Volume and NO3- Curves for Storm Event 2/5/2004  
(From top to bottom: BC5 and LC) 
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Figure 26: Volume and DON Curves for Storm Event 2/5/2004  
(From top to bottom: BC5, KC, and LC) 
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The graphs of percent cumulative load versus flow show the same patterns 
(Appendix F). For the majority of events the mass percentage of the constituents TDN, 
NO3-, and DON directly correlated to the volumetric percentage of storm flow; although 
NO3- would slightly precede the flow for some of the storms in the LC catchment. The 
main exception was for the tropical storm event 9/7/2004 which showed lags in nutrient 
loading behind volumetric loading for most of these three nutrients (Appendix F, 
Figures F.4-F.6). This lag was most apparent in the LC catchment. The lags observed for 
the BC5 catchment during storm event 9/7/2004 were mainly for NO3- and DON and 
occurred in the earlier part of the storm flow. These nutrients increased equivalently to 
volumetric loading during the later part of the storm. As storm event 9/7/2004 had intense 
rainfall and the streams had very large flow rates, it is possible that the constituents were 
diluted during the higher flow rates.  
Inspection of the EMCs and CLs for the nutrients resulted in tentatively defined 
trends between the nutrients. The most notable trend being that for all the nutrients (TDN, 
NO3-, and DON), the lowest calculated EMCs and CLs occurred within the KC 
catchment (Appendix A, Table A.3). Another was the tendency for a large part of the 
nitrogen export within the BC5 catchment to be associated with inorganic nitrogen.  
 
Post-Development of KC Catchment 
 The behavior of the nutrients mainly continued to react in the same manner to 
storm flows as was noted earlier. In the majority of events the nutrient concentrations 
continued to mimic flow. Yet, development appears to have altered the nutrient loading 
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for the KC catchment. The flush graphs revealed that in many of the storm events one or 
more nitrogen species concentrations were being loaded to the stream at a slightly higher 
rate than the volumetric flow. The events in which the behavior was observed were 
small-moderate rainfall events, such as storm events 8/22/2005 and 3/20/2006 (Appendix 
F, Figures F.20 and F.25). The rainfall amounts recorded in each of these storms were 
0.54, 0.28, and 0.96 inches respectively. Graphs of the volume and TDN/ NO3- can be 
seen in Figures 27-28/Figures 29-30 for the storm events 7/29/2005 and 3/20/2006. 
These graphs show that same behavior observed in the KC catchment was seen for the 
LC catchment, but not for the BC5 location for the later storm event. The TDN slightly 
preceded the flow in the LC and KC catchments for storm event 3/20/2006; the nitrate 
also preceded the flow in the storm events for the KC catchment. The nitrogen 
concentrations followed the flow in the BC5 catchment for all figures. 
In the KC catchment, the only storm event during this time period with 
moderately high rainfall intensity, that was analyzed in this study, was storm event 
5/20/2005 with 1.77 inches of precipitation. In this storm the slightly fast export of 
nitrogen was not seen in either the KC or LC catchments; nitrogen concentrations were 
transported at almost the exact ratio to the flow similar to BC5. Figure 31 compares the 
curves of volume and TDN in the catchments for storm event 5/20/2005.  
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Figure 27: Curves of Volume and TDN for Storm Event 7/29/2005  
(From top to bottom: BC5, KC, LC) 
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Figure 28: Curves of Volume and TDN for Storm Event 3/20/2006  
(From top to bottom: BC5, KC, and LC) 
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Figure 29: Curves of Volume and NO3- for Storm Event 7/29/2005  
From top to bottom: BC5, KC, and LC) 
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Figure 30: Graph of Volume and NO3- for Storm Event 3/20/2006  
(From top to bottom: BC5, KC, and LC) 
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Figure 31: Curves of Volume and TDN for Storm Event 5/20/2005  
(From top to bottom: KC and LC) 
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It appeared that existing conditions of the Reedy River watershed did not affect 
the CLs of the TDN and DON during this time period (Appendix A, Tables A.4 and 
A.5). Cumulative loads were lower during the 2006 year than was seen in 2004. Although 
most of the storm events had, on average, lower total rainfall, even storm events such as 
3/20/2006 that experienced moderate rainfall had lower CLs in the KC and BC5 
catchments than earlier storm events of equal or less rainfall. This can be attributed to 
lower volumetric discharge during storm events due to drought conditions. The EMCs for 
this time period were comparable to those calculated for earlier storm events with 
equivalent rainfall. The lower CLs for the catchments are likely attributed to the lower 
stream flows associated with this time period which resulted in lower volumetric output 
(Appendix A, Table A.1). Development of KC, especially the removal of vegetation, 
may explain the more significant decrease in CLs for this catchment. 
 
Post-Development of BC5 Catchment 
In the storm events observed during this period of the study, the nutrients TDN, 
and NO3- continued to behave in the same manner as was seen for the rest of the study. 
The nutrients followed flow with the highest concentrations occurring around peak flow 
values. For most storm events, flush graphs indicated that timing for the export of the 
nutrients was equivalent to the volumetric flow (Appendix F). Similar to what was 
observed in KC, some of the flush graphs for the BC5 catchment showed the nutrients 
preceding the flow. The storm event in which this was observed was 11/26/2007 
(Appendix F, Figures F.37 and F.38). The storm had a low rainfall of 0.31 inches. 
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Storm event 11/26/2007 also elicited abnormal flush behavior from the LC catchment; 
however the nitrate lag behind the flow for the storm event. Figure 32 compares the 
exports of NO3- in both the BC5 and LC catchments. DON concentrations were not 
considered for many of the storm events in the BC5 catchment. It appeared that the 
contribution of nitrate to TDN increased within the catchment, such that the calculated 
DON values were unreliable. 
 
     
 
90 
 0
20
40
60
80
100
0.00 0.20 0.40 0.60 0.80 1.00
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
NO3
Rainfall
Rainfall: 8.1 mm
Runoff depth: 0.061 mm
Total time: 1735 min
 
     
0
20
40
60
80
100
0.00 0.20 0.40 0.60 0.80 1.00
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Volume
NO3
Rainfall
Rainfall: 7.9 mm
Runoff depth: 0.71 mm
Total time: 1055 min
 
Figure 32: Curves of Volume and NO3- for Storm Event 11/26/2007 (From top to 
bottom: BC5 and LC) 
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On average it appeared that EMC values for the nutrients increased from what 
was observed in the 2005-2006 years, reaching values similar to what was seen at the 
storm events from the 2004 year (Appendix A). However, the cumulative loads yielded 
that overall there were much smaller mass loadings to the streams. The BC5 catchment 
had the lowest CLs even for nitrogen concentrations, which were typically higher in 
earlier stages. This is due, in part, to the decreasing flow rates seen in the streams 
(Appendix A, Table A.1), which decrease the volumetric loading. The larger ratios of 
nitrate to TDN and lower overall cumulative loads for nitrogen imply that the DON 
exported from the environment was decreased as a result of development to the BC5 
catchment. 
 
Summary 
 From the data that has been collected it appears that for the majority of the data 
sets, nitrogen concentrations follow flow. After the commencement of development, 
TDN and nitrate tended to be exported at a slightly faster rate compared to flow rate for 
storms with moderate rainfall. This was more apparent with nitrate than for total 
dissolved nitrogen. Higher rainfalls such as 5/20/2005 (1.71 in) result in the same rates of 
export for the nitrogen and the flow. The total amount of DON exported from the 
catchments appeared to decrease in both the KC and BC5 locations following 
development; although, this was possibly a result of lower volumetric amounts being 
transported during later storm events because of drought periods.   
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Overall, the TDN event mean concentrations rose for all catchments, peaking 
around the storm events in March 2006, and then decreased for most of the remaining 
storm events (Figure 33). The average concentrations of nitrate increased relative to total 
nitrogen over the observation period (Figure 34). This increasing contribution of nitrate 
resulted in the majority of DON values to be not usable for the BC5 catchment for 2007, 
due to the ratio of nitrate to total nitrogen being over the set value of 0.6. Overall, the 
DON followed the same pattern as the TDN with peaking concentrations around March 
2006 (Figure 35). The increasing concentrations begin around May 2005. One 
explanation of the increasing concentrations is that the above average rainfall occurring 
in 2005 promoted more growth of vegetation increasing the amount of organic nitrogen 
and total nitrogen present in the catchments. As the 2006 year was a drought year, the 
nitrogen values dropped as a result. These trends seem to indicate that seasonal factors 
were the main factor in determining the behavior of the nitrogen export as was predicted 
by other studies [Tsegaye et al., 2006 and Tufford et al., 2003]. 
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Figure 33: Event mean concentrations for TDN 
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Figure 34: Event mean concentrations for NO3-  
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Figure 35: Event mean concentrations for DON 
 
 
 
Organic Carbon 
General 
Typically organic carbon is not a limiting nutrient, but its availability is vital to 
growth of organisms. However, the export of organic carbon has importance other than 
affecting the surrounding and downstream ecosystems. DOC is considered undesirable in 
source water for human consumption. Depending on its characteristics it can be difficult 
to remove by common water treatment processes such of coagulation/flocculation and 
filtration. One large determining factor of the possible removal of organic carbon by 
water treatment is based on SUVA values. As mentioned earlier, SUVA is a 
measurement of the aromatic composition of the DOC. Aromatic compounds are 
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generally more hydrophobic and easier to remove in water treatment facilities. As SUVA 
values decrease, indicating less aromatic organics, it is usually more difficult to remove 
the DOC. In this section both the behavior of DOC concentrations and SUVA values are 
discussed in detail. 
 
Initial Response of Catchments 
In observing how the DOC concentrations changed with respect to flow, the 
behavior was similar to what was observed for nitrogen for the catchments. The DOC 
concentrations were highly sensitive to flow rates. The concentrations generally increased 
almost proportionally to the flow increases for the storms (Appendix C, Figure C.1-
C.16). Looking at the volume and DOC curves also shows how the mass of DOC is 
exported at the same time as the flow for both KC and LC (Figure 36). However, Figure 
36 shows that in BC5 the DOC precedes the flow; later curves indicate this may be 
typical behavior for DOC in this catchment. As was seen with nitrogen, DOC lagged 
behind the flow for storm event 9/7/2004 (Appendix F, Figures F.4 and F.5). This lag 
was more apparent in the LC catchment; as stated previously, this lag is probably due to 
dilution of DOC from the high storm flow. Observation of the concentrations and 
hydrographs show that after the storm, DOC concentrations return to close to what was 
observed at base flow conditions prior to storm flow (Appendix C, Figure C.1-C.16).  
The lowest calculated EMCs and CLs of DOC occurred within the KC catchment 
(Appendix A, Table A.3). The EMCs observed for DOC were very similar between the 
LC and BC5 catchments. The cumulative loads of DOC for the catchments relative to 
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each other varied between each storm event (Appendix A, Table A.3). During the storm 
event 9/7/2004, the CL for DOC in the LC catchment was very high, at 177 kg/km2.  Yet, 
the CLs for the 2/5/2004 and 9/16/2004 storms were similar to what was exported in the 
BC5 catchment. Recall that the TSS cumulative loads were also very high for this storm 
event. It may have been possible that the high rainfall of the 9/7/2004 caused the BMPs 
in place to fail, allowing the export of large amounts of sediment and macronutrients, 
such as DOC, from the catchment. 
Graphs of flow and SUVA254 versus time showed definite correlations in behavior 
relative to active development (Appendix E). In the undisturbed catchments the 
SUVA254 typically closely mimicked the flow; it was more apparent in the BC5 
catchment than the KC catchment. Whereas in the LC catchment, SUVA254 values would 
decrease around peak flows. This decrease was most apparent in the storm events 
2/5/2004, 9/7/2004, and 9/16/2004 (Appendix E, Figures E.5, E.9, and E.15). As it was 
observed that the DOC concentration followed the flow for these storm events, the trend 
in the SUVA254 values indicates that the composition of the organic carbon exported in 
the streams was less aromatic in the developing catchment. 
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Figure 36: Volume and DOC curves for Storm Event 2/5/2004  
(From top to bottom: BC5, KC, and LC) 
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Post-Development of KC Catchment 
In the majority of events in this time period the DOC concentrations continued to 
mimic flow. The graphs of the BC5 catchment show that DOC continued to slightly 
precede the flow for some portion of the storm, giving additional evidence that this was 
typical behavior for the catchment (Figure 37). But for the majority of the storm events, 
the other two catchments showed that the export of DOC was observed as leaving with 
the flow. The lower cumulative loads for the DOC observed in the KC catchment during 
the 2005 year were attributed to the effects of development, as higher rainfall events such 
as  5/20/2005 had similar amounts of DOC export as seen in earlier events of comparable 
rainfall such as 2/5/2004 (Appendix A, Tables A.3 and A.4). In the 2006 year the CLs 
of DOC dropped in all catchments; this is likely due to the lower flow rates present in the 
streams because of climate conditions (Appendix A, Tables A.1 and A.4). 
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Figure 37: Curves of Volume and DOC for BC5 (The top graph is storm event 7/29/2005 
and bottom graph is storm event 3/20/2006) 
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Comparison of the SUVA254 values and flow for the KC catchment show trends 
similar to observed in the LC catchment in the initial stages of development. The 
SUVA254 values sharply decrease around the flow peaks. The behavior was seen in the 
storm events 2/14/2004, 5/20/2005, and 7/29/2005 (Appendix E, Figures D.23, D.27 
and D.33). SUVA254 values in the LC catchment continue to behave in the same manner 
as noted earlier; implying that development causes this behavior. Some of this effect is 
attributed to a dilution effect of DOC that sometimes occurs at the initial increase of the 
flow. To prove that the behavior was due to a change in the composition of DOC being 
transported graphs of the DOC concentrations, SUVA254 values, and UV254 values were 
constructed for storm event 2/14/2005 in the LC catchment. In Figure 38 it can be seen 
that while DOC and UV254 values increase with increasing flow, the SUVA254 show a 
decrease around the flow peak 
 
101 
0.0
1.0
2.0
3.0
4.0
5.0
6.0
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
DOC
Flow
 
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.0
1.0
2.0
3.0
4.0
5.0
6.0
0 500 1000 1500 2000
U
V
25
4
A
bs
or
ba
nc
e 
(c
m
)
S
U
VA
 (L
/m
g*
m
)
Time (min)
SUVA
UV254
 
 Figure 38: Comparison of DOC, UV254, SUVA254, and Flow for LC 2/14/2005 
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In the BC5 catchment the SUVA254 values either follow the flow as observed in 
storm event 1/13/2005 or they appear to be independent of the flow as observed in storm 
event 7/29/2005 (Appendix E, Figures E.17 and E.31). Two of the storm events 
observed, 3/10/2006 and 3/20/2006, do not exhibit the same patterns of behavior for the 
LC and KC catchments. No discernable pattern was seen for any catchment in storm 
event 3/10/2006 probably because the catchments received a small rainfall for this storm 
event. It is unclear as to why the storm event 3/20/2006 did not also display the same 
behavior. 
 
Post-Development of BC5 Catchment 
No changes were observed in the behavior of DOC export during this time period. 
As was seen in earlier years, DOC concentrations typically follow the same pattern 
(Appendix C). Despite normal EMC values, the cumulative loads showed that overall, 
there were much smaller mass loadings to the streams (Appendix A, Table A.6). As with 
the nitrogen, this is attributed to low flow rates during the drought period. 
After the development commenced on the BC5 catchment, the SUVA254 values 
followed the same trends as was seen in the LC and KC catchments. Storm events 
7/28/2007, 8/24/2007, and 9/14/2007 all show the tendency of SUVA254 values to 
decrease around flow peaks (Appendix E, Figures E.60, E.63, and E.64). The LC and 
KC catchments continue to show the same concave pattern of SUVA254 values; however 
the trend seems to be less pronounced in the LC catchment than it was during the initial 
development period. In the graphs for storm events 9/14/2007 and 11/26/2007 the 
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SUVA254 values appear to mimic the flow in the LC catchment (Appendix E, Figures 
E.65 and E.71). This behavior was more apparent in storm event 9/14/2007. This 
behavior may indicate that the LC catchment has begun to stabilize as the graphs 
resemble the behavior of the KC catchment prior to development. It may be that in time 
as the catchments adjust the SUVA254 values will return to mimicking the flow. 
 
Summary 
Development did not appear to impact the export of DOC; the graphs showed that 
DOC was continually exported with the flow in the LC and KC catchments. Its behavior 
at the BC5 location showed a tendency for DOC to precede the flow. This is odd as the 
BC5 catchment was largest in area and the least developed; based on previous research it 
would be expected that flushes would be noted in the smaller catchments with larger 
impervious area [Lee et al., 2000]. In contrast, SUVA values were sensitive to land 
disturbances, with lower aromatic fractions of organic carbon being exported during flow 
peaks of developing catchments. 
There were some trends associated with the event mean concentrations of the 
DOC. Figure 39 shows the calculated EMCs for all three catchments during the study. 
The average DOC concentrations appear to increase over the period of study for the LC 
catchment, while the EMCs for the KC and BC5 catchments generally stayed within 
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narrow range of 1 to 4 mg/L. Average SUVA values were generally between 2 and 5 
(L/mg*m). The consistency in the SUVA values observed in the BC5 catchment may be 
due to the larger nitrogen concentrations recorded within the storm events for that 
catchment (Figure 40). 
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Figure 39: Event mean concentrations for DOC 
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Figure 40: Average SUVA254 values 
 
Composition of Organic Matter 
General 
 Organic carbon to organic nitrogen molar ratios were studied to observe the 
effects of development on the composition of organic matter. However, there seemed to 
be no distinct correlation between development and response of the C/N ratios to storm 
flow as can be seen in Appendix E. Overall, the behavior of C/N ratios can be described 
as following the flow, with occasional storm events exhibiting behavior in which the C/N 
ratios stayed fairly constant (Appendix E, Figure E.4) or decreased around the peak 
flow (Appendix E, Figure E.40). The second behavior was more commonly observed at 
the LC catchment, but was seen in both the KC and BC5 catchments (Appendix E, 
Figures E.52 and E.56). 
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Summary of Findings 
 In general, the constituents behaved in a manner that agreed the results of 
previous research projects. All of the constituents followed flow in that the 
concentrations increased with rising flow and decreased with declining flow. The TSS 
and P tended to travel together, indicating that the majority of phosphorous exported was 
attributed to overland runoff. Both of these constituents tended to precede the flow. The 
other nutrients and DOC generally were exported at the same time as the flow. The 
EMCs and CLs reveal that the export of the nutrients and DOC were more influenced by 
seasonal factors rather than development. 
 Development did alter the export of the nutrients and DOC by decreasing the time 
fraction of the storm in which majority of the mass of nutrients was transported. This 
occurred due to the faster export of water in the catchment as a result of development. 
Total dissolved nitrogen and nitrate tended to precede the flow following development. 
DOC still was exported at the same time as the flow, with the exception of BC5, in which 
the DOC typically preceded the flow both prior to and after development. 
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CHAPTER SEVEN 
 
CONCLUSIONS 
The major conclusions from this study are as follows. The behavior of the 
hydrographs was altered as a result of development. In terms of the hydrologic response 
of the catchments, it was difficult to discern whether the tree-thinning had a significant 
impact on the response with the low amount of rainfall occurring in the storm events 
following this particular land disturbance. The tree-thinning obviously had a significant 
impact on the surrounding ecosystem as evidenced by the appearance of iron-reducing 
bacteria within the stream. Evaluation of the 2004 to 2007 hydrographs showed that the 
responses to rainfall were as expected for each watershed’s level of development. The 
more developed catchments had larger responses for lower rainfall. Hydrographs for the 
developing/developed catchments displayed more steeply rising and descending limbs 
while undisturbed catchments displayed gradual rising and descending limbs on the flow 
curves. It appears that rain intensity dictated the behavior of hydrologic responses at 
extremes. Large amounts of rainfall caused all sites to have quick response times; low 
precipitation usually allowed more gradual responses from the catchments. Lower and 
moderate storm events allowed the affects of development to be more apparent between 
the catchments.  
The results also indicated that rainfall patterns control the time at which TSS is 
exported; while rainfall amount and development affects total amount of suspended 
solids delivered to streams. It appears that development practices that are maintained 
(regularly checked to ensure that the BMPs are properly working) will lower impact of 
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sediments from catchments.  It was less obvious to what degree phosphorous was 
impacted by each of these variables. Like TSS, rainfall patterns dictated the flush of 
phosphorous and development decreased the time period necessary to observe flush. 
There is evidence to suggest that development can impact behavior of dissolved 
organic carbon and sources of nitrogen in several ways. As indicated by earlier studies, 
weather conditions largely impacted the amounts of organic carbon and nitrogen 
available for export with seasonal conditions affecting the amounts available for 
transport. The lower cumulative loads of DON following land disturbance suggest that 
development impacts amount of DON available for export, either by removal of 
vegetation or other method. It also appeared that development increased rate at which 
nitrate was exported to the stream. This rate was more apparent in the KC catchment than 
the BC5 catchment. This is a result of the BC5 location being larger in terms of area than 
KC resulting in longer times of export for constituents in runoff.  
The most interesting observation was reduction of aromatic organic carbon during 
storm events. This behavior appears to be a characteristic of development, occurring in 
both KC and BC5 catchments after active development. The behavior also seemed to be 
reduced in the 2007 storm events recorded for the LC catchment, indicating that the 
behavior might cease after the catchment has undergone some stabilization period. 
Although it was not conclusive, as not all storm events displayed this behavior during 
development, the trend was significant enough in a variety of events to attribute to 
development. Storm water containing lower SUVA values can impact downstream 
treatment of storm water runoff at downstream water treatment plants as less aromatic 
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organic compounds can be more difficult to remove using conventional treatment 
processes. On the other hand, the reduction of DON will benefit downstream processes. 
Future work might involve quantifying the sources of the nutrients as being from 
runoff or in stream sources or determining if the mass loads of nutrients leaving 
catchments during storm events are significant compared to that of baseline flows. More 
work needs to be done in order to quantify extent to which properties like seasonal 
effects, antecedent dry weather, rainfall pattern and intensity affect event mean 
concentrations of nutrients. It would also be recommended to pursue a better 
understanding of the types of molecules comprising organic carbon and further 
examining the relationship between organic carbon and organic nitrogen. Continual study 
of the catchments would also reveal the time and manner in which catchments stabilize 
from disturbance. 
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Appendix A 
Summary Information 
Date
Average
Rainfall 
(cm)
LC KC BC5 LC KC BC5 LC KC BC5
2/5/2004 2.57 13.0 12.3 9.98 1.02-4.2 1.2-3.14 0.95-5.02 0.48-1.12 0.24-0.37 0.79-1.07
4/26/2004 0.30 0.73 0.11 no data
6/25/2004 4.75 129 3.5 17.3
9/7/2004 12.64 2183 no data 194 1.3-8.66 1.82-12.3 0.16-0.54 0.57-1.23
9/16/2004 1.03 434 10.6 52.4 1.79-6.57 1.24-4.1 1.46-10.9 0.27-0.87 0.11-0.23 0.62-1.07
1/13/2005 1.83 278 no data 5.47 3.23-5.86 2.14-5.26 0.27-1.17 0.66-1.12
2/2/2005 2.02 12.2 no data 2.22 0.68-4.46 0.47-4.35 0.21-0.95 0.65-1.27
2/14/2005 0.69 10.2 0.20 0.44 0.82-3.35 0.94-4.91 0.26-0.69 0.17-0.28
5/20/2005 4.50 312 44.5 no data 1.67-5.6 1.48-3.31 0.38-0.97 0.26-0.39
7/29/2005 1.36 39.0 8.06 0.97 1.57-7.12 1.29-2.59 0.95-2.78 0.27-0.85 0.17-0.78 0.74-0.92
8/22/2005 0.71 no data 0.71 no data 1.57-6.6 0.21-0.81
11/21/2005 5.63 218 3.55 no data 1.35-3.69 0.39-1.23
3/10/2006 0.33 3.14 0.65 0.26 0.98-8.26 1.09-2.85 0.24-2.58 0.25-0.81
3/20/2006 2.44 26.7 5.48 2.36 1.3-5.72 1.34-3.9 1.26-2.96 0.36-2.07 0.23-0.5 0.75-0.98
6/23/2006 4.09 187 no data 1.81 0.19-6.15 0.6-1.22
6/26/2006 3.86 175 306 no data
8/12/2006 1.12 6.22 no data 0.76 1.51-3.11 0.71-1.04
10/27/2006 3.43 28.4 5.16 1.74 2.37-7.21 0.27-0.72
5/5/2007 3.68 125 18.1 1.53 0.63-7.40 1.6-4.24 0.42-1.28 0.54-0.85
7/28/2007 0.89 no data 0.65 0.21 0.92-2.31 1.12-2.52 0.17-0.31 0.55-0.73
8/24/2007 1.55 no data no data 0.21 3.45-5.97 0.74-1.38
9/14/2007 4.58 142 18.4 11.5 5.90-9.58 3.18-8.50 0.76-3.24 0.72-1.40
11/26/2007 0.79 5.69 0.08 0.14 1.62-3.22 1.46-3.73 2.13-3.28 0.10-0.35 0.09-0.16 0.38-0.58
Table A.1 of Ranges of Values for Individual Storm Events for Catchments
Range of DOC Concentrations
(mg/L)
Maximum Storm Flow Rates
(m3/min/km2)
Range of TDN Concentrations
(mg/L)
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Date
Average
Rainfall
(in)
LC KC BC5 LC KC BC5 LC KC BC5
2/5/2004 2.57 0.092-0.574 0-0.079 0.313-0.715 0.01-0.47 0.02-0.14 0.01-0.25 3.80-2579 10.1-289.6 0.4-444.8
9/7/2004 12.64 0.015-0.27 0.21-0.70 0.03-2.25 0.05-0.34 9.17-6535 29.6-2453
9/16/2004 1.03 0.008-0.224 0.013-0.063 0.183-0.666 0.02-0.32 0.01-0.19 0.03-0.33 11.3-1740 8.66-236 3.76-247
1/13/2005 1.83 0.082-0.176 0.43-0.81 0.09-0.98 0.06-0.18 3.3-7820 1.4-288
2/2/2005 2.02 0.171-0.405 0.568-0.909 0.17-3.26 0.06-0.15 5.26-293 2.73-22.3
2/14/2005 0.69 0.125-0.432 0.065-0.106 0.01-0.13 nd 5.2-292 1.12-9
5/20/2005 4.50 0.05-0.332 0.01-0.04 0.06-0.72 0.05-0.27 6.0-6197 6.0-2342
7/29/2005 1.36 0.062-0.305 0.025-0.319 0.379-0.547 0.10-0.34 0.02-0.48 0.03-0.16 10.24-3447 12.7-9283 4.3-15.7
8/22/2005 0.71 0.024-0.17 0.08-0.16 8.9-806
11/21/2005 5.63 0.415-0.774 0-0.47 16.4-2188
3/10/2006 0.33 0.10-2.0 0.15-0.31 nd nd 5.7-1281 8.3-87.4
3/20/2006 2.44 0.17-0.49 0.15-0.76 0.55-0.80 0-0.25 0-0.12 0-0.04 14.5-1197 6.9-379 7.0-73.6
6/23/2006 4.09 0.44-0.67 0.03-0.22 12.3-139
8/12/2006 1.12 0.19-0.29 0.02-0.17 5.0-50.3
10/27/2006 3.43 0.08-0.25 0.04-0.28 10.3-246
5/5/2007 3.68 0.20-0.53 0.26-0.71 0.08-0.30 0.06-0.10 26.2-858 3.3-40.4
7/28/2007 0.89 0.01-0.12 0.46-0.57 0.05-0.40 0.04-0.17 21.4-714.2 5.9-26.7
8/24/2007 1.55 0.51-0.90 0.05-0.13 6.7-47.2
9/14/2007 4.58 0.21-0.57 0.48-0.93 0.10-0.81 0.04-0.92 48.2-2430 24.2-2170
11/26/2007 0.79 0-0.12 0-0.02 0.14-0.30 0.03-0.21 0.03-0.08 0.06-0.10 6.7-54.1 3.2-106.1 3.3-40.4
Table A.2 of Ranges of Values for Individual Storm Events for Catchments
Range of TSS Concentrations
(mg/L)
Range of NO3 Concentrations
(mg/L)
Range of P Concentrations
(mg/L)
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Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 3.62 13.1 3.22 614 4.42 110
TDN (mg/L) 0.71 2.58 0.26 49.1 0.33 8.24
NO3
- (mg/L) 0.17 0.62 0.08 15.0 0.05 1.17
DON (mg/L) 0.54 1.96 0.18 34.1 0.28 7.07
P (mg/L) 0.27 0.97 0.29 55.5 0.19 4.77
TSS (mg/L) 1056 3833 5038 960715 837 20862
C/N Ratio (mol C/mol N)a 19.3 42.9 72.1
SUVA254 (L/mg*m)
a 2.46 4.38 3.44
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 2.71 15.5 3.59 25.2
TDN (mg/L) 0.31 1.80 0.17 1.19
NO3
- (mg/L) -- -- 0.01 0.09
DON (mg/L) 0.31 1.78 0.16 1.10
P (mg/L) 0.09 0.50 0.10 0.72
TSS (mg/L) 157 901 36.7 258.0
C/N Ratio (mol C/mol N)a 9.75 164
SUVA254 (L/mg*m)
a 3.40 3.34
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 3.63 21.2 8.44 178 7.90 132
TDN (mg/L) 0.92 5.36 1.00 21.2 0.79 13.3
NO3
- (mg/L) 0.40 2.34 0.45 9.53 0.25 4.23
DON (mg/L) 0.52 3.02 0.55 11.7 0.54 9.03
P (mg/L) 0.13 0.74 0.45 9.55 0.22 3.68
TSS (mg/L) 130 756 423 8930 129 2168
C/N Ratio (mol C/mol N)a 7.59 19.0 12.1
SUVA254 (L/mg*m)
a 3.54 4.08 3.85
b Data sets with 10 or less data points for a storm event
Table A.3: Event Mean Concentrations and Cumulative Loads Data for 2004 Storm Events
LC Storm Events
KC Storm Events
BC5 Storm Events
a Values located under EMC column represent average values rather than Event Mean Concentrations
9/7/2004 9/16/20042/5/2004
2/5/2004 9/16/2004
9/16/20042/5/2004 9/7/2004
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Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 4.11 27.9 3.20 11.8 2.10 1.86 3.94 89.8 4.97 9.62 2.06 8.98
TDN (mg/L) 0.99 6.69 0.71 2.61 0.48 0.42 0.52 11.8 0.70 1.35 0.89 3.87
NO3
- (mg/L) 0.12 0.84 0.27 1.02 0.26 0.23 0.09 2.04 0.28 0.54 0.50 2.18
DON (mg/L) 0.86 5.85 0.43 1.60 0.22 0.19 0.43 9.75 0.42 0.81 0.39 1.69
P (mg/L) 0.62 4.23 0.21 0.79 0.09 0.08 0.38 8.68 0.26 0.49 0.24 1.03
TSS (mg/L) 3343 22670 134 496 163 145 2086 47588 1893 3667 1577 6863
C/N Ratio (mol C/mol N)a 55.4 14.0 10.8 44.1 33.0 6.46
SUVA254 (L/mg*m)
a 1.79 3.34 3.21 3.18 4.04 4.81
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 2.57 0.16 2.38 10.5 1.86 0.53 3.61 0.20
TDN (mg/L) 0.25 0.015 0.34 1.49 0.48 0.14 0.51 0.03
NO3
- (mg/L) 0.009 0.005 0.02 0.09 0.23 0.07 0.09 0.005
DON (mg/L) 0.16 0.01 0.31 1.39 0.25 0.07 0.42 0.02
P (mg/L) --- --- 0.18 0.81 0.27 0.08 0.23 0.012
TSS (mg/L) 2.98 0.18 639 2831 5704 1618 479 26.1
C/N Ratio (mol C/mol N)a 22.9 128 31.2 58.6
SUVA254 (L/mg*m)
a 3.09 3.65 2.82 2.87
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 3.19 21.2 3.46 9.30 2.36 0.79
TDN (mg/L) 0.23 1.51 0.83 2.24 0.82 0.27
NO3
- (mg/L) 0.18 1.20 0.74 2.00 0.46 0.15
DON (mg/L) --- --- 0.09 0.24 0.36 0.12
P (mg/L) 0.10 0.67 0.10 0.27 0.11 0.04
TSS (mg/L) 32.5 216.0 12.4 33.2 11.3 3.78
C/N Ratio (mol C/mol N)a --- --- 5.36
SUVA254 (L/mg*m)
a 2.97 2 4.08
2/2/2005b
1/13/2005 2/2/2005
a Values located under EMC column represent average values rather than Event Mean Concentrations
b Data sets with 10 or less data points for a storm event
1/13/2005 7/29/2005
7/29/2005
5/20/2005 11/21/20052/14/2005
5/20/20052/14/2005b
Table A.4: Event Mean Concentrations and Cumulative Loads Data for 2005 Storm Events
LC Storm Events
KC Storm Events
BC5 Storm Events
8/22/20057/29/2005
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Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 5.97 97.9 7.11 52.0 2.79 1.99
TDN (mg/L) 0.82 13.5 1.14 8.30 0.28 0.20
NO3
- (mg/L) 0.27 4.38 0.39 2.83 0.07 0.05
DON (mg/L) 0.56 9.15 0.75 5.47 0.21 0.15
P (mg/L) 0.21 3.52 0.36 2.63 0.08 0.06
TSS (mg/L) 363 5955 765 5599 36.3 25.9
C/N Ratio (mol C/mol N)a 20.7 22.1 192
SUVA254 (L/mg*m)
a 6 4.54 3.33
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 1.54 0.18 2.96 0.06
TDN (mg/L) 0.21 0.03 0.12 0.002
NO3
- (mg/L) 0.04 0.005 -- --
DON (mg/L) 0.17 0.02 -- --
P (mg/L) 0.13 0.02 0.05 0.001
TSS (mg/L) 147 17.5 45.0 0.85
C/N Ratio (mol C/mol N)a 63.0 --
SUVA254 (L/mg*m)
a 5.05 3.55
Date
Constituent
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
EMC
(mg/L)
CL
(kg/km 2 )
DOC (mg/L) 3.30 1.86 1.84 0.20 4.59 0.26 5.47 7.16 2.88 0.18
TDN (mg/L) 0.62 0.35 0.64 0.07 1.04 0.06 1.18 1.54 0.49 0.03
NO3
- (mg/L) 0.37 0.21 0.53 0.06 0.66 0.037 0.79 1.03 0.22 0.01
DON (mg/L) 0.26 0.14 --- --- --- --- 0.39 0.51 0.27 0.02
P (mg/L) 0.08 0.05 0.07 0.007 0.08 0.005 0.44 0.57 0.07 0.005
TSS (mg/L) 19.8 11.1 10.3 1.11 16.4 0.93 949 1244 8.3 0.51
C/N Ratio (mol C/mol N)a 7.26 3.84 8.56 9.01 17.0
SUVA254 (L/mg*m)
a 3.48 6.04 3.54 3.51 3.10
11/26/20079/14/2007
9/14/2007 11/26/2007
11/26/2007
BC5 Storm Events
7/28/2007
5/5/2007
8/24/20077/28/2007
a Values located under EMC column represent average values rather than Event Mean Concentrations
b Data sets with 10 or less data points for a storm event
Table A.6: Event Mean Concentrations, Standard Deviations, and Cumulative Loads Data for 2007 Storm Events
LC Storm Events
KC Storm Events
5/5/2007
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Appendix B 
Hydrographs of Storm Events 
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Figure B.1: Hydrograph for BC5 2/5/2004
Flow
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Figure B.2: Hydrograph for KC 2/5/2004
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Figure B.3: Hydrograph of LC 2/5/2004
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Figure B.4: Hydrograph of KC 4/26/2004
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Figure B.5: Hydrograph of LC 4/26/2004
Flow
Rainfall
 
 
118 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0
5
10
15
20
25
30
0 500 1000 1500
R
ai
nf
al
l (
cm
)
Fl
ow
 (m
3 /m
in
)
Time (min)
Figure B.6: Hydrograph of BC5 6/25/2004
Flow
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Figure B.7: Hydrograph of KC 6/25/2004
Flow
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Figure B.8: Hydrograph for LC 6/25/2004
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Figure B.9: Hydrograph of BC5 9/7/2004
Flow
Rainfall
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Figure B.10: Hydrograph of LC 9/7/2004
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Figure B.11: Hydrograph of BC5 9/16/2004
Flow
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Figure B.12: Hydrograph for KC 9/16/2004
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Figure B.13: Hydrograph for LC 9/16/2004
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Figure B.14: Hydrograph for BC5 1/13/2005
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Figure B.15: Hydrograph for LC 1/13/2005
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Figure B.16: Hydrograph for BC5 2/2/2005
Flow
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Figure B.17: Hydrograph for LC 2/2/2005
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Figure B.18: Hydrograph for BC5 2/14/2005
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Figure B.19: Hydrographfor KC 2/14/2005
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Figure B.20: Hydrograph for LC 2/14/2005
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Figure B.21: Hydrograph for KC 5/20/2005
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Figure B.22: Hydrograph for LC 5/20/2005
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Figure B.23: Hydrograph for BC5 7/29/2005
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Figure B.24: Hydrograph for KC 7/29/2005
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Figure B.25: Hydrograph for LC 7/29/2005
Flow
Rainfall
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Figure B.26: Hydrograph for KC 8/22/2005
Flow
Rainfall
 
0.0
0.2
0.4
0.6
0.8
1.0
1.2
0 500 1000 1500
0.00
0.05
0.10
0.15
0.20
0.25
0.30
Fl
ow
 (m
3 /m
in
)
Time (min)
R
ai
nf
al
l (
cm
)
Figure B.27: Hydrograph of KC 11/21/2005
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Figure B.28: Hydrograph for LC 11/21/2005
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Figure B.29: Hydrograph for BC5 3/10/2006
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Figure B.30: Hydrograph for KC 3/10/2006
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Figure B.31: Hydrograph for LC 3/10/2006
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Figure B.32: Hydrograph for BC5 3/20/2006
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Figure B.33: Hydrograph for KC 3/20/2006
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Figure B.34: Hydrograph for LC 3/20/2006
Flow
Rainfall
 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0 500 1000 1500 2000
R
ai
nf
al
l (
cm
)
Fl
ow
 (m
3 /
m
in
)
Time (min)
Figure B.35: Hydrograph for BC5 for 6/23/2006
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Figure B.36: Hydrograph for LC 6/23/2006
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Figure B.37: Hydrograph for KC 6/26/2006
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Figure B.38: Hydrograph of LC 6/26/2006
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Figure B.39: Hydrograph for BC5 8/12/2006
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Figure B.40: Hydrograph of LC 8/12/2006
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Figure B.41: Hydrograph of BC5 10/27/2006
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Figure B.42: Hydrograph of KC 10/27/2006
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Figure B.43: Hydrograph for LC 10/27/2006
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Figure B.44: Hydrograph for BC5 5/5/2007
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Figure B.45: Hydrograph for KC 5/5/2007
Flow
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Figure B.46: Hydrograph for LC 5/5/2007
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Figure B.47: Hydrograph for BC5 7/28/2007
Flow
Rainfall
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Figure B.48: Hydrograph for KC 7/28/2007
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Figure B.49: Hydrograph for BC5 8/24/2007
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Figure B.50: Hydrograph for BC5 9/14/2007
Flow
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Figure B.51: Hydrograph for KC 9/14/2007
Flow
Rainfall
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Figure B.52: Hydrograph for LC 9/14/2007
Flow
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Figure B.53: Hydrograph for BC5 11/26/2007
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Figure B.54: Hydrograph for KC 11/26/2007
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Appendix C 
Graphs of Constituents TDN, NO3-, and DOC 
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Figure C.1: Graph of DOC, TDN, NO3, and Flow for BC5 2/5/2004
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Figure C.2: Graph of DOC, TDN, and NO3 for BC5 2/5/2004
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Figure C.3: Graph of DOC, TDN, NO3, and Flow for KC 2/5/2004
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Figure C.4: Graph of DOC, TDN, and NO3 for KC 2/5/2004
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Figure C.5: Graph of DOC, TDN, NO3, and Flow for LC 2/5/2004
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Figure C.6: Graph of DOC, TDN, and NO3 for LC 2/5/2004
TDN
NO3-N
DOC
 
 
143 
050
100
150
200
250
300
0
2
4
6
8
10
12
14
0 500 1000 1500 2000 2500
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure C.7: Graph of DOC, TDN, NO3, and Flow for BC5 9/7/2004
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Figure C.8: Graph of DOC, TDN, and NO3  for BC5 9/7/2004
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Figure C.9: Graph of DOC, TDN, NO3, and Flow for LC 9/7/2004
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Figure C.10: Graph of DOC, TDN, and NO3 for LC 9/7/2004
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Graph C.11: Graph of DOC, TDN, NO3, and Flow for BC5 9/16/2004
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Figure C.12: Graph of DOC, TDN, and NO3 for BC5 9/16/2004
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Figure C.13: Graph of DOC, TDN, NO3, and Flow for KC 9/16/2004
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Figure C.14: Graph of DOC, TDN, and NO3 for KC 9/16/2004
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Figure C.15: Graph of DOC, TDN, NO3, and Flow for LC 9/16/2004
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Figure C.16: Graph of DOC, TDN,  and NO3 for LC 9/16/2004
TDN
NO3-N
DOC
 
 
148 
01
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure C.17: Graph DOC, TDN, NO3, and Flow for BC5 1/13/2005
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Figure C.18: Graph DOC, TDN, and NO3 for BC5 1/13/2005
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Figure C.19: Graph of DOC, TDN, NO3, and Flow for LC 1/13/2005
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Figure C.20: Graph of DOC, TDN, and NO3 for LC 1/13/2005
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Figure C.21: Graph of DOC, TDN, NO3, and Flow for BC5 2/2/2005
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Figure C.22: Graph of DOC, TDN, and NO3 for BC5 2/2/2005
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Figure C.23: Graph of DOC, TDN, NO3, and Flow for LC 2/2/2005
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Figure C.24: Graph of DOC, TDN, and NO3 for LC 2/2/2005
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Figure C.25: Graph of DOC, TDN, NO3, and Flow for KC 2/14/2005
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Figure C.26: Graph of DOC, TDN, and NO3 for KC 2/14/2005
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Figure C.27: Graph for DOC, TDN, NO3, and Flow for LC 2/14/2005
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Figure C.28: Graph for DOC, TDN, NO3, and Flow for LC 2/14/2005
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Figure C.29: Graph of DOC, TDN,  NO3, and Flow for KC 5/20/2005
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Figure C.30: Graph of DOC, TDN,  and NO3 for KC 5/20/2005
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Figure C.31: Graph of DOC, TDN, NO3, and Flow for LC 5/20/2005
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Figure C.32: Graph of DOC, TDN, and NO3 for LC 5/20/2005
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Figure C.33: Graph of DOC, TDN, NO3, and Flow for BC5 7/29/2005
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Figure C.34: Graph of DOC, TDN, and NO3 for BC5 7/29/2005
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Figure C.35: Graph of DOC, TDN, NO3, and Flow for KC 7/29/2005
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Figure C.36: Graph of DOC, TDN, and NO3 for KC 7/29/2005
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Figure C.37: Graph of DOC, TDN, NO3, and Flow for LC 7/29/2005
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Figure C.38: Graph of DOC, TDN, and NO3 for LC 7/29/2005
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Figure C.39: Graph of DOC, TDN, NO3, and Flow for KC 8/22/2005
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Figure C.40: Graph of DOC, TDN, and NO3 for KC 8/22/2005
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Figure C.41: Graph of DOC, TDN, NO3, and Flow for LC 11/21/2005
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Figure C.42: Graph of DOC, TDN, and NO3 for LC 11/21/2005
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Figure C.43: Graph of DOC, TDN, NO3, and Flow for KC 3/10/2006
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Figure C.44: Graph of DOC, TDN, and NO3 for KC 3/10/2006
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Figure C.45: Graph of DOC, TDN, NO3, and Flow for LC 3/10/2006
TDN
NO3
DOC
Flow
 
0
1
2
3
4
5
6
7
8
9
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0 250 500 750 1000
D
O
C
 (m
g/
L)
N
itr
og
en
 (m
g/
L)
Time (min)
Figure C.46: Graph of DOC, TDN, and NO3 for LC 3/10/2006
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Figure C.47: Graph of DOC, TDN, NO3, and Flow for BC5 3/20/2006
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Figure C.48: Graph of DOC, TDN, and NO3 for BC5 3/20/2006
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Figure C.49: Graph of DOC, TDN, NO3, and Flow for KC 3/20/2006
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Figure C.50: Graph of DOC, TDN, and NO3 for KC 3/20/2006
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Figure C.51: Graph of DOC, TDN, NO3, and Flow for LC 3/20/2006
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Figure C.52: Graph of DOC, TDN, and NO3 for LC 3/20/2006
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Figure C.53: Graph of DOC, TDN, NO3, and Flow for BC5 6/23/2006
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Figure C.54: Graph of DOC, TDN, and NO3 for BC5 6/23/2006
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Figure C.55: Graph of DOC, TDN, NO3, and Flow for BC5 8/12/2006
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Figure C.56: Graph of DOC, TDN, and NO3 for BC5 8/12/2006
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Figure C.57: Graph of DOC, TDN, NO3, and Flow for LC 10/27/2006
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Figure C.58: Graph of DOC, TDN, and NO3 for LC 10/27/2006
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Figure C.59: Graph of DOC, TDN, NO3, and Flow for BC5 5/5/2007
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Figure C.60: Graph of DOC, TDN, and NO3 for BC5 5/5/2007
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Figure C.61: Graph of DOC, TDN, NO3, and Flow for LC 5/5/2007
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Figure C.62: Graph of DOC, TDN, and NO3 for LC 5/5/2007
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Figure C.63: Graph of DOC, TDN, NO3, and Flow for BC5 7/28/2007
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Figure C.64: Graph of DOC, TDN, and NO3 for BC5 7/28/2007
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Figure C.65: Graph of DOC, TDN, NO3 and Flow for KC 7/28/2007
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Figure C.66: Graph of DOC, TDN, and NO3 for KC 7/28/2007
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Figure C.67: Graph of DOC, TDN, NO3, and Flow for BC5 8/24/2007
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Figure C.68: Graph of DOC, TDN, and NO3 for BC5 8/24/2007
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Figure C.69: Graph of DOC, TDN, NO3, and Flow for BC5 9/14/2007
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Figure C.70: Graph of DOC, TDN, and NO3 for BC5 9/14/2007
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Figure C.71: Graph of DOC, TDN, NO3, and Flow for LC 9/14/2007
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Figure C.72: Graph of DOC, TDN, and NO3 for LC 9/14/2007
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Figure C.73: Graph of DOC, TDN, NO3, and Flow for BC5 11/26/2007
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Figure C.74: Graph of DOC, TDN, and NO3 for BC5 11/26/2007
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Figure C.75: Graph of DOC, TDN, and Flow for KC 11/26/2007
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Figure C.76: Graph of DOC and TDN for KC 11/26/2007
TDN
DOC
 
 
178 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure C.77: Graph of DOC, TDN, NO3, and Flow for LC 11/26/2007
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Figure C.78: Graph of DOC, TDN, and NO3 for LC 11/26/2007
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Appendix D 
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Figure D.1: Graph of TSS and Flow for BC5 2/5/2004
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Figure D.2: Graph of P and Flow for BC5 2/5/2004
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Figure D.3: Graph of TSS and Flow for KC 2/5/2004
TSS
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Figure D.4: Graph of P and Flow for KC 2/5/2004
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Figure D.5: Graph of TSS and Flow for LC 2/5/2004
TSS
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Figure D.6: Graph of P and Flow for LC 2/5/2004
P
Flow
 
0
50
100
150
200
250
300
0
500
1000
1500
2000
2500
3000
0 500 1000 1500 2000 2500
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.7: Graph of TSS and Flow for BC5 9/7/2004
TSS
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Figure D.8: Graph of P and Flow for BC5 9/7/2004
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Figure D.9: Graph of TSS and Flow for LC 9/7/2004
TSS
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Figure D.10: Graph of P and Flow for LC 9/7/2004
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Figure D.11: Graph of TSS and Flow for BC5 9/16/2004
TSS
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Figure D.12: Graph of P and Flow for BC5 9/16/2004
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Figure D.13: Graph of TSS and Flow for KC 9/16/2004
TSS
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Figure D.14: Graph of P and Flow for KC 9/16/2004
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Figure D.15: Graph of TSS and Flow for LC 9/16/2004
TSS
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Figure D.16: Graph of P and Flow for LC 9/16/2004
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Figure D.17: Graph of TSS and Flow for BC5 1/13/2005
TSS
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Figure D.18: Graph of P and Flow for BC5 1/13/2005
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Figure D.19: Graph of TSS and Flow for LC 1/13/2005
TSS
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Figure D.20: Graph of P and Flow for LC 1/13/2005
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Figure D.21: Graph of TSS and Flow for BC5 2/2/2005
TSS
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Figure D.22: Graph of P and Flow for BC5 2/2/2005
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Figure D.23: Graph of TSS and Flow for LC 2/2/2005
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Figure D.24: Graph of P and Flow for LC 2/2/2005
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Figure D.25: Graph of TSS and Flow for KC 2/14/2005
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Figure D.26: Graph of TSS and Flow for LC 2/14/2005
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Figure D.28: Graph of TSS and Flow for KC 5/20/2005
TSS
Flow
 
0
2
4
6
8
10
12
14
16
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0 500 1000 1500
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.29: Graph of P and TSS for KC 5/20/2005
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Figure D.30: Graph of TSS and Flow for LC 5/20/2005
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Figure D.31: Graph of P and Flow for LC 5/20/2005
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Figure D.32: Graph of TSS and Flow for BC5 7/29/2005
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Figure D.33: Graph of P and Flow for BC5 7/29/2005
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Figure D.34: Graph of TSS and Flow for KC 7/29/2005
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Figure D.35: Graph of P and Flow for KC 7/29/2005
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Figure D.36: Graph of TSS and Flow for LC 7/29/2005
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Figure D.37: Graph of P and Flow for LC 7/29/2005
P
Flow
 
 
198 
0.00
0.05
0.10
0.15
0.20
0.25
0
100
200
300
400
500
600
700
800
900
0 300 600 900 1200
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.38: Graph of TSS and Flow for KC 8/22/2005
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Figure D.39: Graph of P and Flow for KC 8/22/2005
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Figure D.40: Graph of TSS and Flow for LC 11/21/2005
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Figure D.41: Graph of P and Flow for LC 11/21/2005
P
Flow
 
 
200 
0.00
0.05
0.10
0.15
0.20
0.25
0
10
20
30
40
50
60
70
80
90
100
0 250 500 750 1000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.42: Graph of TSS and Flow for KC 3/10/2006
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Figure D.43: Graph of TSS and Flow for LC 3/10/2006
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Figure D.44: Graph of TSS  and Flow for BC5 3/20/2006
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Figure D.45: Graph of P and Flow for BC5 3/20/2006
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Figure D.46: Graph of TSS and Flow for KC 3/20/2006
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Figure D.48: Graph of TSS and Flow for LC 3/20/2006
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Figure D.49: Graph of P and Flow for LC 3/20/2006
P
Flow
 
 
204 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0
20
40
60
80
100
120
140
160
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.50: Graph of TSS and Flow for BC5 for 6/23/2006
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Figure D.51: Graph of P and Flow for BC5 6/23/2006
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Figure D.52: Graph of TSS and Flow for BC5 8/12/2006
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Figure D.53: Graph of P and Flow for BC5 8/12/2006
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Figure D.54: Graph of TSS and Flow for LC 10/27/2006
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Figure D.55: Graph of P and Flow for LC 10/27/2006
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Figure D.56: Graph of TSS and Flow for BC5 5/5/2007
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Figure D.57: Graph of P and Flow for BC5 5/5/2007
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Figure D.58: Graph of TSS and Flow for LC 5/5/2007
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Figure D.59: Graph of P and Flow for LC 5/5/2007
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Figure D.60: Graph of TSS and Flow for BC5 7/28/2007
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Figure D.61: Graph of P and Flow for BC5 7/28/2007
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Figure D.62: Graph of TSS and Flow for KC 7/28/2007
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Figure D.63: Graph of P and Flow for KC 7/28/2007
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Figure D.64: Graph of TSS and Flow for BC5 8/24/2007
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Figure D.65: Graph of P and Flow for BC5 8/24/2007
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Figure D.66: Graph of TSS and Flow for BC5 9/14/2007
TSS
Flow
 
   
0
2
4
6
8
10
12
14
16
18
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
0 200 400 600 800 1000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.67: Graph of P and Flow for BC5 9/14/2007
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Figure D.68: Graph of TSS and Flow for LC 9/14/2007
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Figure D.69: Graph of P and Flow for LC 9/14/2007
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Figure D.70: Graph of TSS and Flow for BC5 11/26/2007
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Figure D.71: Graph of P and Flow for BC5 11/26/2007
P
Flow
 
 
215 
0.000
0.005
0.010
0.015
0.020
0.025
0.030
0
20
40
60
80
100
120
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
C
on
ce
nt
ra
tio
n 
(m
g/
L)
Time (min)
Figure D.72: Graph of TSS and Flow for KC 11/26/2007
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Figure D.73: Graph of P and Flow for KC 11/26/2007
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Figure D.74: Graph of TSS and Flow for LC 11/26/2007
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Figure D.75: Graph of P and Flow for LC 11/26/2007
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Appendix E 
Graphs of SUVA254 and C/N Ratios 
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Figure E.1: Graph of SUVA and Flow for BC5 2/5/2004
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Figure E.2: Graph of C/N Ratios and Flow for BC5 2/5/2004
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Figure E.3: Graph of SUVA and Flow for KC 2/5/2004
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Figure E.4: Graph of C/N Ratios and Flow for KC 2/5/2004
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Figure E.5: Graph of SUVA and Flow for LC 2/5/2004
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Figure E.6: Graph C/N Ratios and Flow for LC 2/5/2004
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Figure E. 7: Graph of SUVA and Flow for BC5 9/7/2004
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Figure E.8: Graph of C/N Ratios and Flow for BC5 9/7/2004
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Figure E.9: Graph of SUVA and Flow for LC 9/7/2004
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Figure E.10: Graph of C/N Ratios and Flow for LC 9/7/2004
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Figure E.11: Graph of SUVA and Flow for BC5 9/16/2004
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Figure E.12: Graph of C/N Ratios and Flow for BC5 9/16/2004
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Figure E.13: Graph of SUVA and Flow for KC 9/16/2004
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Figure E.14: Graph of C/N Ratios and Flow for KC 9/16/2004
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Figure E.15: Graph of SUVA and Flow for LC 9/16/2004
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Figure E.16: Graph of C/N Ratios and Flow for LC 9/16/2004
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Figure E.17: Graph of SUVA and Flow for BC5 1/13/2005
SUVA
Flow
 
0
20
40
60
80
100
120
140
160
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
S
U
VA
 (L
/m
g*
m
)
Time (min)
Figure E.18: Graph of SUVA and Flow for LC 1/13/2005
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Figure E.19: Graph of C/N Ratios and Flow for LC 1/13/2005
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Figure E.20: Graph of SUVA and Flow for BC5 2/2/2005
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Figure E.20: Graph of SUVA and Flow for BC5 2/2/2005
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Figure E.21: Graph of SUVA and Flow for LC 2/2/2005
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Figure E.22: Graph of C/N Ratios and Flow for LC 2/2/2005
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Figure E.23: Graph of SUVA and Flow for KC 2/14/2005
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Figure E.24: Graph of C/N Ratios and Flow for KC 2/14/2005
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Figure E.25: Graph of SUVA and Flow for LC 2/14/2005
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Figure E.26: Graph of C/N Ratios and Flow for LC 2/14/2005
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Figure E.27: Graph of SUVA and Flow for KC 5/20/2005
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Figure E.28: Graph of C/N Ratios and Flow for KC 5/20/2005
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Figure E.29: Graph of SUVA and Flow for LC 5/20/2005
SUVA
Flow
 
 
 
232 
020
40
60
80
100
120
140
160
180
0
2
4
6
8
10
12
14
16
0 500 1000 1500
Fl
ow
 (m
3 /m
in
)
m
ol
 C
/m
ol
 N
Time (min)
Figure E.30: Graph of C/N Ratios and Flow for LC 5/20/2005
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Figure E.31: Graph of SUVA and Flow for BC5 7/29/2005
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Figure E.32: Graph of C/N Ratios and Flow for BC5 7/29/2005
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Figure E.33: Graph of SUVA and Flow for KC 7/29/2005
SUVA
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Figure E.34: Graph of C/N Ratios and Flow for KC 7/29/2005
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Figure E.35: Graph of SUVA and Flow for LC 7/29/2005
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Figure E.36: Graph of C/N Ratios and Flow for LC 7/29/2005
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Figure E.37: Graph of SUVA and Flow for KC 8/22/2005
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Figure E.38: Graph of C/N Ratios and Flow for KC 8/22/2005
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Figure E.39: Graph of SUVA and Flow for LC 11/21/2005
SUVA
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Figure E.40: Graph of C/N Ratios and Flow for LC 11/21/2005
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Figure E.41: Graph of SUVA and Flow for KC 3/10/2006
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Figure E.42: Graph of C/N Ratios and Flow for KC 3/10/2006
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Figure E.43: Graph of SUVA and Flow for LC 3/10/2006
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Figure E.44: Graph of C/N Ratios and Flow for LC 3/10/2006
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Figure E.45: Graph of SUVA and Flow for BC5 3/20/2006
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Figure E.46: Graph of C/N Ratios and Flow for BC5 3/20/2006
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Figure E.47: Graph of SUVA and Flow for KC 3/20/2006
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Figure E.48: Graph of C/N Ratios and Flow for KC 3/20/2006
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Figure E.49: Graph of SUVA and Flow for LC 3/20/2006
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Figure E.50: Graph of C/N Ratios and Flow for LC 3/20/2006
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Figure E.51: Graph of SUVA and Flow for BC5 6/23/2006
SUVA
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Figure E.52: Graph of C/N Ratios and Flow for BC5 6/23/2006
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Figure E.53: Graph of SUVA and Flow for BC5 8/12/2006
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Figure E.54: Graph of C/N Ratios and Flow for BC5 8/12/2006
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Figure E.55: Graph of SUVA and Flow for LC 10/27/2006
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Figure E.56: Graph of C/N Ratios and Flow for LC 10/27/2006
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Figure E.57: Graph of SUVA and Flow for BC5 5/5/2007
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Figure E.58: Graph of SUVA and Flow for LC 5/5/2007
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Figure E.59: Graph of C/N Ratios and Flow for LC 5/5/2007
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Flow
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Figure E.60: Graph of SUVA and Flow for BC5 7/28/2007
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Figure E.61: Graph of SUVA and Flow for KC 7/28/2007
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Figure E.62: Flush of C/N Ratios and Flow for KC 7/28/2007
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Figure E.63: Graph of SUVA and Flow for BC5 8/24/2007
SUVA
Flow
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Figure E.64: Graph of C/N Ratios and Flow for BC5 8/24/2007
C/N Ratio
Flow
0
2
4
6
8
10
12
14
16
18
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
0 200 400 600 800 1000
Fl
ow
 (m
3 /m
in
)
S
U
VA
 (L
/m
g*
m
)
Time (min)
Figure E.65: Graph of SUVA and Flow for BC5 9/14/2007
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Figure E.66: Graph of SUVA and Flow for LC 9/14/2007
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Figure E.67: Graph of C/N Ratios and Flow for LC 9/14/2007
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Figure E.68: Graph of SUVA and Flow for BC5 11/26/2007
SUVA
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Figure E.69: Graph of C/N Ratios and Flow for BC5 11/26/2007
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Figure E.70: Graph of SUVA and Flow for KC 11/26/2007
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Figure E.71: Graph of C/N Ratios and Flow for BC5 11/26/2007
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Figure E.72: Graph of SUVA and Flow for LC 11/26/2007
SUVA
Flow
 
   
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0
5
10
15
20
25
30
0 500 1000 1500 2000
Fl
ow
 (m
3 /m
in
)
m
ol
 C
/m
ol
 N
Time (min)
Figure E.73: Graph of C/N Ratios and Flow for LC 11/26/2007
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Figure F.1: Cumulative Load Curves for BC5 2/5/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 26.4 mm
Runoff depth: 5.8 mm
Total time: 3312 min
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Figure F.2: Cumulative Load Curves for KC 2/5/2004
Volume
DOC
TDN
P
TSS
Rainfall
Rainfall: 27.4 mm
Runoff Depth: 5.7 mm
Total Time: 2870 min 
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Figure F.3: Cumulative Load Curves for LC 2/5/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 23.4 mm
Runoff Depth: 3.6 mm
Total Time: 2300 min
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Figure F.4: Cumulative Load Curves for BC5 9/7/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 127.8 mm
Runoff depth:  21.1 mm
Total time: 1940 min
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Figure F.5: Cumulative Load Curves for LC 9/7/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 125 mm
Runoff depth: 191 mm
Total time: 1935 min
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Figure F.6: Cumulative Load Curves for BC5 9/16/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 61.5 mm
Runoff depth: 16.7 mm
Total time: 3095 min
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Figure F.7: Cumulative Load Curves for KC 9/16/2004
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 64.0 mm
Runoff depth: 7.0 mm
Total time: 3080 min
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Figure F.8: Cumulative Load Curves for LC 9/16/2004
Volume
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P
TSS
Rainfall
Rainfall: 64.3 mm
Runoff depth: 24.9 mm
Total time: 2337 min
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Figure F.9: Cumulative Load Curves for BC5 1/13/2005
Volume
DOC
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NO3
P
TSS
Rainfall
Rainfall: 18.0 mm
Runoff depth: 6.7 mm
Total time: 1390 min
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Figure F.10: Cumulative Load Curves for LC 1/13/2005
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 18.5 mm
Runoff depth: 6.8 mm
Total time: 955 min
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Figure F.11: Cumulative Load Curves for BC5 2/2/2005
.0
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 21.6 mm
Runoff Depth: 2.7 mm
Total Time: 2180 min
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Figure F.12: Cumulative Load Curves for LC 2/2/2005
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 18.8 mm
Runoff depth: 3.7 mm
Total time: 1630 min
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Figure F.13: Cumulative Load Curves for KC 2/14/2005
Volume
DOC
TDN
NO3
TSS
Rainfall
Rainfall: 6.9 mm
Runoff depth: 0.061 mm
Total time: 1580 min
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Figure F.14: Cumulative Load Curves for LC 2/14/2005
Volume
DOC
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NO3
P
TSS
Rainfall
Rainfall: 6.9 mm
Runoff depth: 0.89 mm
Total time: 330 min
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Figure F.15: Cumulative Load Curves for KC 5/20/2005
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 62.0 mm
Runoff depth: 4.4 mm
Total time: 1050 min
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Figure F.16: Cumulative Load Curves for LC 5/20/2005
Volume
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Rainfall
Rainfall: 62.0 mm
Runoff depth: 22.8 mm
Total time: 935 min
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Figure F.17: Cumulative Load Curves for BC5 7/29/2005
Volume
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P
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Rainfall
Rainfall: 16.5 mm
Runoff depth: 0.34 mm
Total time: 2385 min
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Figure F.18: Cumulative Load Curves for KC 7/29/2005
.0
Volume
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P
TSS
Rainfall
Rainfall: 12.2 mm
Runoff depth: 0.28 mm
Total time: 685 min
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Figure F.19: Cumulative Load Curves for LC 7/29/2005
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 12.2 mm
Runoff depth: 1.9 mm
Total time: 440 min
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Figure F.20: Cumulative Load Curves for KC 8/22/2005
.0
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Rainfall: 7.1 mm
Runoff depth: 0.054 mm
Total time: 545 min
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Figure F.21: Cumulative Load Curves for LC 11/21/2005
Volume
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NO3
P
TSS
Rainfall
Rainfall: 51.3 mm
Runoff depth: 8.5 mm
Total time: 1180 min
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Figure F.22: Cumulative Load Curves for KC 3/10/2006
Volume
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Rainfall: 3.6 mm
Runoff depth: 0.096 mm
Total time: 300 min
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Figure F.23: Cumulative Load Curves for LC 3/10/2006
Volume
DOC
TDN
NO3
TSS
Rainfall
Rainfall: 2.5 mm
Runoff depth: 0.19 mm
Total time: 165 min
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Figure F.24: Cumulative Load Curves for BC5 3/20/2006
Volume
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P
TSS
Rainfall
Rainfall: 23.1 mm
Runoff depth: 0.67 mm
Total time: 1355 min
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Figure F.25: Cumulative Load Curves for KC 3/20/2006
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 24.6 mm
Runoff depth: 2.5 mm
Total time: 1715 min
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Figure F.26: Cumulative Load Curves for LC 3/20/2006
Volume
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P
TSS
Rainfall
Rainfall: 25.4 mm
Runoff depth: 4.5 mm
Total time: 1045 min
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Figure F.27: Cumulative Load Curves for BC5 6/23/2006
Volume
DOC
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NO3
P
TSS
Rainfall
Rainfall: 40.9 mm
Runoff depth: 0.54 mm
Total time: 905 min
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Figure F.28: Cumulative Load Curves for BC5 8/12/2006
Volume
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Rainfall
Rainfall: 11.2 mm
Runoff depth: 0.19 mm
Total time: 945 min
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Figure F.29: Cumulative Load Curves for LC 10/27/2006
Volume
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NO3
P
TSS
Rainfall
Rainfall: 36.6 mm
Runoff depth: 7.7 mm
Total time: 1840 min
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Figure F.30: Cumulative Load Curves for BC5 5/5/2007
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Rainfall: 31.0 mm
Runoff depth: 0.56 mm
Total time: 1810 min
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Figure F.31: Cumulative Load Curves for LC 5/5/2007
Volume
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P
TSS
Rainfall
Rainfall: 42.7 mm
Runoff depth: 16.4 mm
Total time: 1165 min
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Figure F.32: Cumulative Load Curves for BC5 7/28.2007
Volume
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Rainfall
Rainfall: 10.7 mm
Runoff depth: 0.075 mm
Total time: 990 min
 
0
20
40
60
80
100
0.00 0.20 0.40 0.60 0.80 1.00
Pe
rc
en
ta
ge
 o
f T
ot
al
Fraction Total Time
Figure F.33: Cumulative Load Curves for KC 7/28/2007
Volume
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P
TSS
Rainfall
Rainfall: 6.6 mm
Runoff depth: 0.12 mm
Total time: 937 min
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Figure F.34: Cumulative Load Curves for BC5 8/24/2007
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Rainfall: 15.5 mm
Runoff depth: 0.056 mm
Total time: 605 min
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Figure F.35: Cumulative Load Curves for BC5 9/14/2007
Volume
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Rainfall
Rainfall: 49.0 mm
Runoff depth: 1.31 mm
Total time: 620 min
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Figure F.36: Cumulative Load Curves for LC 9/14/2007
Volume
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NO3
P
TSS
Rainfall
Rainfall: 42.7 mm
Runoff depth: 7.3 mm
Total time: 435 min
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Figure F.37: Cumulative Load Curves for BC5 11/26/2007
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 8.1 mm
Runoff depth: 0.061 mm
Total time: 1735 min
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Figure F.38: Cumulative Load Curves for KC 11/26/2007
Volume
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P
TSS
Rainfall
Rainfall: 7.6 mm
Runoff depth: 0.019 mm
Total time: 705 min
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Figure F.39: Cumulative Load Curves for LC 11/26/2007
Volume
DOC
TDN
NO3
P
TSS
Rainfall
Rainfall: 7.9 mm
Runoff depth: 0.71 mm
Total time: 1055 min
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